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I\ 1,358 1,339 19 1.4% 1,141
0.7%) (0.7%) __ (0.8%),
AR 610 593 17 2.8%
(0.3%) (0.3%) o
EREE 748 746 2 0.3%
0.4%) (0.4%) _
[fii&]

i
<O NIFEERERIC DG
*1 FARFAA O R AT, FFARGH AR 255 2RI P AR R Y &7 fil
*2 BEFIS34ELARE | S5 AR I RF CF T AE~342) FCIT Thald EIHBEL 7= fifd
*3 Hi20E], FARFIAITAKIE20mE T, FHERIFAITAKEIOmETER R LT,

Hilh - BRETE (2003) 157 3 [RIABAME - )\ IR G IRARHIiE R &
B (AR - )\ |

3-7-1
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3E 7Y - TR

BRI D ERRUEI O TR T HIL TR YD . 23 E TITAK T 26, 000ha
B2 DO THEIMTOILTE 20, O THIEEIXIEFR 40 4£~50 4% (1965
HF~1984 4E) [ RkE <ML (K 3.7.1),

.+ LR : 415ha/10 4=

- BHIE~HEFD 10 421% (1868 A4E~1944 4£) : 435ha/10 4F

- BEFN 20 HE~30 £Ef% (1945 4E~1964 4E) : 650ha/10 £E

- BBFN 40 4E~50 4EX (1965 4E~1984 4F) : 1, 950ha/10 4E

HIHAED 5 BB A4 LB O THRIEAEIZ OV T, FHE (2006) (X, 7T
FRFR 5, 928ha (220ha/10 4F) . BIIARIER 924ha (231ha/10 ), KIERFY 272ha

(181ha/10 4E) | BEFORT: (1955 4£% ) 730ha (243ha/10 45) &, 10 #£247- V) 200ha
HIZ DTHEIMTHOILTE 7205, 1955 4E/ 5 1980 4EDHIZ 3, 209ha (1, 284ha/10 4)
EFREENAM LI LTV DY,

72, 1997 FITITIRFETHRIC & 0 ¥’ 3, 550ha J8d L7z,

[ lia=mcar  70km!

:3 T S AEIEM 10k

. ¥ [ BRE~210EE ddkm!

b B I s20 ~s30dfE 13km!

I it 266 km ®

wal 4 ) - CTFske 207k
] Vi i

i

1]

3.7.1 AT A TSR

il BRI TS (2006) A BRBOREZASBEGIU KT TRBEBT2REME “2. HERE
Wi LT R WIROBR BT 258 B BE o A PIESRICIR S A DRSS O R IRZEL™ P79

(2) )\ RBOES - T8

BB BARBRBEIR IR IC L B &0 YD ESSIT 1978 (BEFN 53) AEFHA
725 1989 (Fak 1) ~1991 Kk 3) AFEEFRAOMIZ, 1, 358ha 725 1, 33%ha (1. 4%
W) . FENT 1978 (AN 53) 4EEEIRA) S 5 M4 (1996 (FRE8) ~1997 (F
R 9) 4ESE) DRI, 4,604ha 725 4,083ha (11.3%J8) 12, HxEADLTWDE (F
3.7. 1),

EREFREOIE, I RUFIZRBW T, AFET L OBERIEN T2 s BREA T

3-7-2



3E 7Y - TR

B CIIRIBRIN & 72 2/ N 72l - TR ZETe) & 1977~1978 &, 2003 4-~2005
EEICHER L (K 3.7.2), KFEICLD L, BHEOI BT~ (TF~Ta7T
~ &7 E D) 13 295ha 7> 5 191ha (35%080)  /\HED T 5, 430ha 2> 4, 68%ha

(14%38) 1T RKE <D LT\, 7T ~ESIT K ER B TR IS KX <,
T, HEIEHTIHRELTCWET T (FAE) BEEL, RboTar7<ER
BRIRIZIA S A LTz (7~ B5 w3, FBOE2BrkiL, BREE) 1]
NIk &l EILETH Y . 2IROWD 53 DK 6 Fla iz,

EREEJIW QIIZIZ T~ (FHE), THEZ, A2 UREOEPITEAEL TV
eI Tnsy (MEmVHE) . BE, Rk =27 ~ERNEA L TW DDA
Thb,

71X 1970 FEED GBI 45D, 1975 AFEHICRRICHED Lz LfafiicsihiTn g Z
END, 1977 FFEOFHERR TIET TIZEREARE DO LW Sl S,

% 8 WNUERE 19175 HE TR ¥ B %

3 EEha  EEhe  [Eikha) OISR Eiaha) B/ EILE
NCELS R E 247 2041 -494 83% -155 Kk
NCELE DS 180.1 2138 -337 84% 00 0%
NEEEEILE 2478 33791 -4313 87% -828 19%
NEEEFRE 124 1700 -416 72 -34 %
NEEEERS 367.9 s -199 95% -26 114%
REHEMI 912 1440 468 62% 20 53%
REHEPI 2044 2676 =532 79% -282 53%
RERBES 263.9 2135 -96 96% -151 157%
KEREES 209 3203 -49.4 85% -140 28%
2 4689.2 54302 -1530 86% -2066 208

B B 2003~20055/E (071~ 19765HE  LILE TE
& (ha) i (ha)* E1E (ha)  200s-2005/1977-1978
0.0 0.0

ARBILBRE 0.0 -
IR E 00 00 0.0 -
NREBREILE 1321 53.7 783 246%
NREREDE 13 233 -22.1 5%
NREBREHE 01 6.0 -59 2%
KB B 17 48 29 161%
- iy s Lo T
. AENEBFE 27.3%kx 942 -66.9 20%
- £ H 190.9 2945 -103.6 65%

) RIS OMBMIC AL T 2T ~vE, a7 vEE (B, SEICBET L OIIEEE EFRIND)

3.7.2 WHRIXSy (). FRmkE O LX), 7~Eh (e ) miE (5 FR)

HAL + RO —, AL [ RHERREEZ7 L— 7] (2006) T4 23 BATINE - )\ fRIEA STRAEIIE B2
Zok-2-3 J\RHHC BT B i)

(3) &5 - TRBEDOHRMAE

BREE )R] 10 4RI aTm Cid, [E A28 UM #5780 5 )\ AR EE 5T
23 2007 MO T v EAEZAHT TR Y EHFHEEITSH 5 6 ODOBIE (2013 42) T3k
138ha DT <ELGNFEL TS (X 3.7.3),

HME - \RIFEOHEFEFR DL 1T EEOM M FEFICL D . Frlohlsr -
A OFIRAER LTV 5, E LA JUMN H 75 R AR AT « 28V F5s
AT CiE. REARMEIZE W T, BIEOIRERIZIR & - i 2diie L CHlsy - iy

3-7-3



3E 7Y - TR

DT - WHEER L. ZERAEMNERT D552 AIHT 2 EiERBR 217> T\ 5D

(% 3.7.4).

FTo, SCGHRFE OMFERREIC LV RBARRFEONE (WF9ERER « WEINE) Ti
ﬁ%%%%@%ﬁ:ﬁﬁbtﬂ%@?ﬁ-&%(@%éﬁ)%Emb\éwéﬁh
WEEYE - KE - HIESOWBBRESDE=4% 1) v VREL{T-> CTEWERBRED
Rl TR AR S —E OB EERBR A FE L CE TR, T - BEEAO
D OFATBFIC T T2t 2 B L T (¥ 3.7.5, X 3.7.6),

FRELPIAMC b B TRE 2 70l - TIRFAEORD AN ThIl TV 5,

EHBEABER: 1.313km’

@ 77 EREER (REFINGLEINER A RS R @ 7 EEEEN (METT0NLLIER) @ b r¥2A A BE
FTEMTER (MMBISEE 0N O ravum FTEMEEE (NRFATLLLTORR) C D) rremm
A TTTACHE (MERISRE) i aeEn A TYEAANR (MERISARR) et UL
CSDL_J;_T @Dl__l_f

X 3.7.3 J\{RiF (GRITHRATHE) (281 5 7 <5 0OHER
HHBL) [ A UM b )\ AT 1[5 St

3-7-4



(GeaES)

(BFROM)

(REES)

(C)Yahoo Japan, (C)ZENRIN
8 : http://maps.loco.yahoo.co.jp & 0 1k

(r—yo RBIOKE] B’

iR RALRIER

R ih iR

O LETRACEAAADEEEDIT. thRFIT/N\YT—aY
EE-t5,

—EHTHBEICERTIEHRLENENGT D, 4B, R
BOSVERITEEEYNOEBTBIELGSEEBIELEL,

OFERIMNSRBEHI=A A=

@I, nNTTYF. TIE
TR E &

B oHA4IH=,
SARTSTIOYR &

@FaryxH=, Nyt
DARRE. V=S &

FLGI

EMEBRDAA—D
T HEY
FRXF:h=8
ExF. B8

4 REAVEEILTOT « I OER & ERA A —2 Pk 28 4 HEERK)
HISL © [E RSB U TR SRR ARV - ZE R BT R

[FH]
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3% 7Y TS

LEEFSEE 5 B 0t

Tk 185

——

: B+ S 4 A A
REE  mymmes—

BEEBHROB

BEBLLESR
(FR14EI0ATR MEER) )

(ERE18FIATERE)

BEERLESH
(FRUTE10ARAL)

R : 40mX60m

Wik : 100m X 100m

EN: »H~DER

B ARATERCERL BB PERREMET S5,
ERORHEM<S HOBIREHTF T —HMBRICREL
BENREREL THIMETA.

K : 100m X 100m

ER : BN

R BRIV EAVTERIAARETEO—AZRENL
TERENLBHATE, XOBKEHFRBENTEY., #
HOFEICEL> TEHRICHEKAHAN LTS,

EX : ®R~DER

Bl RABEFOMBRRIVERAWZFALTERELL
BETH, BYYHE<, TUROTRIGEICERY 3%,
RFBLESREBREIRAELOTVS,

X 3.7.5 REABEEIACO & SollE ) B SR

e SCMRA AR AR IR B B (Rl 17~21 4R)  EERUERIVIIE (ARG BBREE O
MR R & SRR REACR e S & (REAKR AR « 1) 11TH)

3-7-6



3E 7Y - TR

4 3.7.6 JREEELTO [72& SHROMIE ) Bl FEERER

L SCRRFEE PRk 23~27 RIS (Tr Y= 1) KEFORHEE L0y LT ZERIR A e o 78 5 T4
WERRNED & 5 )\ IR EREE ORI BT ZE 7 m P = 7 b ) BERIREE (RBAKRARE - I

(4) HHE - )\ RBIZET2BREBF

HHME, O HAREE OIEE L. 1978 [ FHAMRFITA ~ 100km, 350km T -
7273, 1996~1997 4EJE 34 CTlE 89km, 316km (ZiH LT\ 5, A8, J\fRHFITA
THFRED LR %2 55%, 45% &< (BEEY) 33%) . FRICREAIR DO N TR
BIVITEE L, KB/ US| e TR 26 3 2@ (7 61%) IEFE LT
Y, NTHFEOHDALLLEORE I NERFHINTNS,

(5) BFEH (B - BE - BECH) MK

HARDINEIZITERE « \EELE D, E, < DTN EEFEL TN,
HAWE - \IEEICBWTH, E, MG AFER, BRE D HEEE L, HARZEDE
T * EEAE « M Z A D EIALE M THIL TV 5,

3=1-17



3E 7Y - TR

(6) £&OH
A TIL LT RARLART D O THRMe T HALTER YD | 2V E TITRK T 26, 000 ha
ZRAZ D HFEO TN TOITE TN, £ OTHEE LR 40 4F~50 454X (1965
FE~1984 4F) ICRE MLz, T—4 & LTHUYR TE 25MHICBVCiE, AUNE
DESFT 1978 HEEE D 1989~1991 AFEDREIZ, 2, 066ha 75 1, 640ha (20. 6%JH) .
FEIT 1978 AEFE D6 1996~1997 AEEE DT, 22, 070ha 7> 18, 841ha (14. 6%,
FHETHIC L VB LT 1, 550ha 2 587de,) 12, KxHd LT,
SRV DOFESH L 1978 AR EFHA DS 1989~1991 4EEE DRI, 1, 358ha 75 1, 339%ha
(1. 4%30) . FIBIZ 1978 4R B 1996~1997 4EFE) DT, 4, 604ha 7> 5 4, 083ha
(11. 3% 12, KA LT,
A - \RIBE T, BE, EZSAPESE LTS,

2530k

2900 /

1) WREREE HHsEi (2006) AWREOBREIA LS BRI KIS BB 5 AahE

3-7-8



3= 8. 7R

8. 7ri#h
(1) FEORERRIZDNT

RN N HOMEEE N B T 2 Z LIS L 0, KRN EGT LB %R
%o RO EZTOLDITARBRTH 513, %@%éﬁf%ﬁ@i M O's
KELDOHEITIZ S TELT 2 Z R ERM SN TR VY, ERE, HBYE, W
BTl COD, T-N &N T-P O AT 2 /KE M mHI, 7R3 A& OB R8T
PNbHE 227> Tn5D,

X 3.8. 1 \ZAWME. R, FEBICBIT 2RO EEEE R LT, AR
T 1998 G .\ RYETIX 1998~2000 U & AR E D F& A E A3 HE N L
TV, 2000~2015 - F TORLHAEME (HWME 35.6 /4, )\ 16.5
f/4E) 1% 1970~1980 £ (A AUF 15. 0 /45, J\fUF 8. 0 1f:/4F) DB L% 2
o TWA,

7Rk, REIRARFRIE LTI BT 2 5 ABREEF LT-b DO TH DM,
T, EEEEDRVWLOThH THHEE R/ Vo bHE) 1L
TREIFEL L TP A Z LICBETHVNERD S,

HRMEIZB T DM~ OEEAN &L & O HEAf & (CoD, T-N LT T-P)
1% 1975~1980 FFEUEHIZ & < . RWIR AL OHMEEY CTH 5 1990 FAE 20
B L CBITEITR I VW E 7o TE Y (K 3.4.7 B | {GERAN & & R A
ORI WA 7223 1T 2 D e v, \RIEIC IS T D HEE A~ oD B A i &
Z @B ANTREIZ oW TIE, COD 1% 1980 4EHEICE < . FDHILHEA LT
D, T-N O T-P (22T 1990 4EARHEE) HEEAN L 2006, 2009 4B BRI 5
RE&20, BUEIT®E LI L TEWVIRER VLTS (X 3.4.8&H), /R
1T OIRW DT DN T B, 1998 4R LU N L THAE RV IREER v T
0., BENLETHD,

MV 1% 1991 4E12 9 4, 1990 4E & 1993 4E|Z 6 D ARIF AN B L=, 1T
A EOWIRNT 3/ 4ERTE THERB L TR0 HEEEE AL D S,

3-8-1



8. R

3

FAEEGHR(FRE)
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(T
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FREREHEBU\RE)

B D IR AN EDHERS
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3-8-2

BET TUEs o 7R (BEFN 53 4 ~FRE 27 47) | L v P

A, AR M O
A

RisES

¥ 3.8.1
JKPEST TLI



3T 8. R

(2) 78 (FBEEA) OFEHIZONT
PREVEYE. RIS K- T oA - ARIMESCKEED ~DREL R,
5T Linb, HxOREEFL LT BT, REIFEAEORD, RN LD HBEREF D
B EZ L TO LB VML T,

3.8.2 AWM. \MUEHETRHRETZHRWT T 7 b OBBETHE (B :50 um)

7) HEERFEDHER
3.8. 3 ICHHME, N, WE BT DRI OERES OB E R LTZ, 72
B, 1HEOREITIEHRE CHERSND 2 ENZ W=D, AREIOF A &
BT L —HLRWZ EICHEETHAZ EBRVNETH D, AN Tliey
28 U CHEEEIC L 2R O AEBEN &<, MEIERESCT 7 0 R 2k
<o T7 4 REEICKAIRMNL 1988 FFEHE TIHIZF LA CER I N TR T2n
(B WMEIZ31T % Chattonella J@& 7R D HIRE I 1984 4F) | £ OB AR 2 IZHIINI L |
1998 FEEEMN D | TR & VUit 24 £ TN L T\, A CTRAET 1K
FW72 T 7 4 Nl Heterosigma akashiwo & Chattonella J& (C. antiqua, C.
marina ¥ XN C. ovata) ThH D, HECHEEERICOW TS, 1998 FHE) S
BRI L TWDZ ENDnD, DIEROHEREIGITOVWT, 1970~1980 4% & b
LT 7 4 REEOEIGHEI LIS, EARRMITHEREDO R E BT 5
VAASTAN
JURHETIE 1998~2000 4EEE D B AR DR AN L TWD DO i
BT 7 4 REBOBIAIL6 BIFRE & KE S BE LTV Yy, 1991 £ 5 1995
TN T BFHICERRIC LA RO RMET L TWD 00, D K1
M7 B8N TIT & A ER DI,
W78 CITEE BB K 2 RIS R TH 0 | 1990 AR DO YIFAIZ 59 W I A E D
E— 7 B H D LIS, FRC R 22 IO ME R IXFR D Divey, 7ol
6~THERBXIZRAEL TWD T 7 ¢ REadR#NX Chattonella J&Th 5,

3-8-3
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3

BF«7FF70 miER 070t

& moUThE

T1FE mRREEE
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e
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BAEEE
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e
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T4k

| b
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3= 8. 7R

1) INUEE (FEhEE)

BTN OB OB ER L L TEETHY . RPEEHOR®EZ 729, =
O DOFEDZ 1L, WL RBE NS SIVTHE S L, BOREL 5 2
HIERDME < & EJEF ORIRGIAL SR IE, HIE L TR & 705 (14 3.8.4),
AW, WSO S D TREIC L 28 WM~ 7 7 FroXs
RAEMGH L TWAZ ENMLNTEY, WERPIIIKIRIE -2 EET 5729,
B E D EFHIC K - CHEEEOBERINTZN 5 ORFEZ(LHE L, RgREDIK
Kz b B2 bLb,

355

/l/— JIBSRER
Kb B

N & DED K
B B ”
1~2 B TERE
ERE
f\//xalﬁ—i;ygﬁ
it = =3 S\
J Y INEE RE  RBEOMMBIESDET

RETR 55 (BEEDELSD)

PRAR AR imvonm
IEGSIDE: A Chaetoceros sp.1 3 BfE
Chaetoceros sp. 28 BFd
Leptocylindrus danicus 5~6 BHH
Skeletonema spp. FN:]

X 3.8.4 /INRUEESE DI A KA

7)) REEE (REI~ZHARLE)

KIMEERED Rhizosolenia J& XA AMEIZ BT 1958 4F, 1965 4F, 1980 4E. 1996
L 2000 AR AR L C 2 U EIEFEICFERRIBEWEL 5 2 72, 2000 £
AWHUE CRFIEA UT- Rhizosolenia imbricata (XA HIBIZEBWTEKL LT
BN TEBH ., 2000 FLLETIZ B IRE L ~LZ3#E LU7-, Rhizosolenia imbricata
(LB AN AR L URIREEIE S5 L S Tunnzeny) o BT N
AT B T2 DB A~OEAD L EN D23, WA U CEEsokig (30
~35) (272 DRKHILABRICEAN~EA L, @V HBSE T TRBET D,

F7-. KMEERLD 9 b Eucampia zodiacus \ZOWTHARMEIZBWT ., UD
BHELEZSI SR ITHEORSWEETHL (BEE6-8 2 OBELDIHAZSH),
AFEOFAET 1~3 AlIAH b, HREFF O, /NHOBER T o & x5 &
&b UTRI AT D, Rhizosolenia imbricata [RERICHIE DY A4 XK < BEKR
RIS A7, KT ORBEHEHEENZWNWEEZ LN TEY, BAERT Y
DEFEHLWENHEE TH DY,

3-8-5



3= 8. 7R

RAEERIAERAET 5O TR, KREOWRN & BHRBREARIE I -
PR KRS B ARMTI S (K 3.8.5), F7e. MNUEESO AR & IRIE L7 Y
BRI AR L TR LT 0 B b, /VEERE & KTUERIEIC £ 5 U O s b
E WK B - L EREETH B,

ARFRE
< (Bt 5 < Bk
I E o=
VT INDE 2 e #wﬁﬁ INEERE D IS

BAMED
//// Sk

AT

+ NETN
588 HEH S i

iz

R &R > .
ZHHBALHEA -
BES - ERREAT /) KHE

4 AR
Rhizosolenia imbricata
12H8~1A

Rhizosolenia setigera

FERDEHA

Eucampia zodiacus 1A~3 A

[X] 3.8.5 KRHUH:mE DI A M

x) 774 Nl (EH3AE)

BHMWIZB T DT 7 4 NigdRil & U CiX. Chattonella J& & Heteroszgma
akashiwo MAI LN TEY , WINbRE~EEZHE X5, 7o, ®BEIZ
Chattonella JBHRHFEAERFICT VRV AR V2 EOREX RO LN TND
W?h@fﬂ%ﬁ%@(!%@W@ﬁ@@f%éﬁf%ﬁ@ﬂﬁ%f%é(ﬁﬂ
T 4E M KO 22W), —KMICT 7 ¢ FEaRERAIE, RIRKEF 2
6@%%\E*%m%§&ﬁm%@%¢ WA Téﬁm@E@ﬁgm@ML(m

o BUHEIZH1T % Chattonella JRARMIL 1984 4\ (18 W CHIRR S AL, 3
ﬁﬁf%l%9$ CHREHER STz, £72. Chattonella J@ DFRIIFE A 1L EE
~OFBEMATIEKRT D LIk, ROZBBIENZEIHETTHZ L
MHNTWDY, Fi, WEKENE2A L CHRBIEBEIT < ~LBET 5 Z LAk
HDHT-D JEREN D DREBE ORI Chattonel la BRI DOHRER L 72> TN 5,

JMRHECD Chattonella BARMIE 1988 IO TIHBLL, EOBAzFHOFEE
DN TN D,

1]
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3.8.6 2010 4F )\ fCUEMEE OBl U7 Chattonella antiqua 770
OKPEITHEHEE B

= (7~8H) a
A
v
% ®
Al U ¢ \J 4 %ﬁﬁﬁﬁ% AE‘E‘E%E
ok HL AR - S B EREE

J
o
&

'-JNEJ:ﬁ 40 o

= \: A== _—é-—_ll_f.:.—/\ ! :
a b2 s1:m” [5] Jm)"] . !
q EEEoRY mERE |
EE ORRS - Ew

#,

@ 0]e
[6 0Le

a—

= _ i
— _"" e .v--'-'-_ g — P> \\J; G LH =N
f AR £

[X] 3.8.7 ChattonellaJgdD/EIRER & I\ARHEIZ IS 1T D IR A AT S X
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) indEEEE (HIEAE)

HHEBIZBW TR EBR & U ClX CeratiumJ& (C. furca B LN C. fusus) X
Akashiwo sanguinea 7% E IR A TEKT 5 6 DD, R E Il Egi ERA MR KR
DFERITIFLE AL LN, BEICOWTITEIO I & FREA D & LB 12 H»
FCHORBZERTDZE0nH, W/ VoaEbWELSIERITIEbdH
%5 (F 3.8.3),

JURIEZ BT, 1970 40 BB 848 Cochlodinium J& (1X & A D C
polykrikoides) N KB/ REZTEM L, BERARMEERELZH LB DH
NTWD, R OPHIREAETEETH G X THERARMER L TEZ Y, C
polykrikoides @ A NI\ TITMEFE &3, LAWNClEHME CGEMiE) o
FENBD LN TS, AKFED seed population [T SEFEMIIL TH A AIREM: D
B < REMIEKIEE BREORINE & HICEESERE T CHSE L TR K
T 5, 1.4~3.6m/h OFWVHBESREBENCLY , REOAZ LT, KEORER
ZRALCHRBZ T 2 LB 65, ROERE. AREITREME T4
55 (X 3.8.8),

C. polykrikoides \%, Ha/mZALICHUER (BRIEHMERD) CTH Y | REIXEKFEIZ
BAEL, MWNETIHERETHDZENREBEINS, \UIETIZ 2000 (T C
polykrikoides MIRWIZ X UK 40 {EH . 2002 42 5 & 8, 700 J5 H DfazEW =N
AL TWBHA, 2003 4ELLE 2015 4 % THRENEIT/NEBETH 5,

ZOIFE, FESCEBEICWER 525 Karenia mikimotoi |2 X 2 7R#EAY 1989
2000 4E, 2015 4EF5 L TN 2016 4EICHA L, JFEREAY . 1989 4F, 2000 4F,
KR 2015 AEICAE U TWDHN, C polykrikoides & Hoied % & AR ABEEE . Hl
P BEERE B0,

High precipitation

Increase of temper inif 3 Turbulence
and amount of solar 3 irradiance. g i Temperature and salinity decrease
radiation O High diffusion losses

Over wintered
cells

:“ iy
2> Single tﬂln Single cells
¥ andior

c
s q »w;%
ins :
i Diurnal :
- vertical :
migration Chains of
(1.4-3.6m/h ) 2 cells ' ’ B
Hight

% 3.8.8 J\fRUREIZEIT D C polykrikoides D FRHIFE AR X
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(3) KBk BEHE

7) HHEE
HIIHFIZ 3BT 5 IR0 E OFRPR AT, 1998 F02 5 2003 4O AL O 4R
WZHEARZWMHA A A S 72 (X 3.8.9), JRIRTZ 7 hrplick s b, Fizk
LEEBNPRENEDOD, BEICEE 7 VoA EBIRERENZEELTND
(%% 3.8.1),

REBREREHGR(FRB)

RENHH

3.8.9 AMWAMEICIHWTHEKRET 2 b2 b LRI A () OHER
IKPEIT FLNIRSERBE R T TN O AR (FEAN 53 AR ~pk 27 48) | L 0 kg

# 3.8.1 EEREORMEIZAEIC L HimEWE (1978~2015 £ T)

ge At | A S Yo SRR - ﬁﬁﬁ%ﬁ
1985 | BBV | Cerataulina J U OEEL A<HAH
1986 | ABAYE | Skeletonema VADRDLER, S5 A<HH

Asterionella kariana
Chaetoceros curvisetum
FEucampia zodiacus
Pseudo—nitzschia pungens

1988 | ABAYE | Skeletonema VADRDYER, &5 A<HH
FEucampia zodiacus
Asterionella kariana
Thalassiosira

1988 | ABAWF | Chaetoceros curvisetum J ) okt <BA
Chaetoceros sociale
Rhizosolenia delicatula
Skeletonema

1989 | ABAYE | Skeletonema VADRDLER, &5 A<HH
Thalassiosira
Asterionella kariana
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1989

A

Skeletonema
Prorocentrum

) OmEL

P

1991

A W

Eucampia zodiacus
Chaetoceros
Rhizosolenia
Skeletonema

J U oea%kS

R

1991

AW

Skeletonema
Chaetoceros curvisetum

) OmEL

R

1992

A W

Chaetoceros curvisetum
FEucampia zodiacus
Lauderia

Skeletonema
Chaetoceros
Coscinodiscus

J U oea%kH

R

1993

AW

Khizosolenia fragilissima
Skeletonema

J ) OmEL

R

1994

A W

Chaetoceros sociale
Skeletonema
Asterionella gracialis
Leptocylindrus
Thalassiosira

FEucampia zodiacus
Ditylum brightwellii
Asterionella karinana
Rhizosolenia setigera

J U oea%kb

R

1995

AW

Chaetoceros sociale
Asterionella gracialis
Rhizosolenia fragilissima
Rhizosolenia setigera
Skeletonema

Thalassiosira rotula
Eucampia zodiacus
Gymnodinium

J ) OmEL

R

1995

AW

Skeletonema
Akashiwo sanguinea
Eucampia zodiacus
Coscinodiscus
Ditylum

Thalassiothrix frauenfeldii

Chaetoceros
Thalassiosira

J ) OmEL

R

1996

AW

Skeletonema
Asterionella karinana
Asterionella gracialis

J ) OmEL

R

1997

A W

Nitzschia seriata
FEucampia zodiacus

J U oea%kS

R
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1997 | HWHE | Skeletonema J U OtaES R
Chaetoceros
Pseudo—nitzschia pungens
Thalassiothrix frauenfeldii
Akashiwo sanguinea
1998 | HBAYE | Chaetoceros sociale J U DOBEL /~BA
Leptocylindrus
Eucampia zodiacus
1998 | HBA¥E | Chaetoceros sociale J U DOBEL /~BA
Chaetoceros
Skeletonema
Thalassiosira
Asterionella karinana
Leptocylindrus
1999 | ABHYE | Fucampia zodiacus J U DOBEL /~BA
1999 | B HAF | Skeletonema J VDB HEDL B
Rhizosolenia
Asterionella karinana
Eucampia zodiacus
2000 | HWAWE | Fucampia zodiacus JVoaEL ~BH
2000 | HHAUF | Skeletonema J ) OBEL  EFEARR A~HH
2000 | AHAWE | Rhizosolenia imbricata J ) OBEL  EFEARR B
Khizosolenia setigera
Skeletonema
Chaetoceros sociale
Chaetoceros curvisetum
Chaetoceros debile
Chaetoceros
Biddulphia sinensis
Thalassiosira
FEucampia zodiacus
2001 | HHAUF | Skeletonema J U DOEBEHEDL B
2001 | APAYE | Chaetoceros sociale VADRDLER, &5 ~BH
Chaetoceros curvisetum
Chaetoceros debile
Skeletonema
Asterionella gracialis
2002 | HHAUF | Skeletonema J U DEBHEDL B
Asterionella gracialis
Asterionella karinana
Chaetoceros sociale
Chaetoceros
Khizosolenia setigera
Eucampia zodiacus
2002 | J\fXfF | Skeletonema VADRDYER, &5 A
2002 | APAYE | Chaetoceros J VoKL A
2003 | A HAYE | Skeletonema J U OtES R
Chaetoceros
Thalassiosira

Rhizosolenia setigera
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2005 | A BAYE | Skeletonema J U OBED R
2008 | AHAVE | Asterionella karinana J U DOBEL /~BA
Skeletonema
2009 | HHAUF | Thalassiosira J U DOEHEDL B
Skeletonema
Eucampia zodiacus
Asterionella karinana
2009 | FiE | Asterionella karinana J U DE%ES M
Skeletonema
Thalassionema nitzschioides
Chaetoceros
2010 | A¥HYE | Chaetoceros J U DOEBEHEDL B
Skeletonema
Thalassionema nitzschioides
2011 | A¥3¥E | Asterionella karinana J U DOBEL /~BA
2011 | A¥HYE | Rhizosolenia setigera VADRDLER, &5 ~BH
2011 | Fi#¥E | Asterionella karinana /U DE%ES M
Chaetoceros
2012 | A | Skeletonema J U OtaES R
Thalassiosira
Asterionella karinana
Chaetoceros
2012 | HWHYE | Eucampia zodiacus J U DOBEL /~BA
2013 | AH3¥E | Asterionella karinana J U DOBEL /~BA
Skeletonema
Thalassiosira
2013 | HHAWE | Eucampia zodiacus J U DEBEHEDL B
Guinardia delicatula
Khizosolenia setigera
Skeletonema
Chaetoceros
2014 | AW | Skeletonema J U OtES R
Thalassiosira
Eucampia zodiacus
Chaetoceros
Rhizosolenia
Thalassiosira
2014 | HHAUF | Skeletonema J U DEBHEDL B
Thalassiosira
2015 | HHAUF | Skeletonema J U DOEBHEDL B
Chaetoceros
Thalassiosira

Eucampia zodiacus

IKEEFFIUN B ERREE B ET TN D AR (AN 53 4R~ Rk 27 4) | 7 B4R
Al —ifEdk - BRI e L TR LR L RS D586/ L TER L
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1) I\KiE

JARHEZ 31T D AR = ORI AR EE, 1988~1990 4 K TN 1998~2010 4F
ICHAER N <, 2011 05 2014 4EIXH T TUIHEREAE L TR n (¥
3.8.10), RN Z > 7 b Bl H % &, Chattonella J& (7 7 4 F#) &
Cochlodinium polykrikoides GEMETME) |2 X B HEHEHERAL <. #IHT Vb
TITTEDSNVHICE DRI REREENRHEELTND (R 3.8.2 KURK
3.8.3),

FMMEREHR\RE)

REHM

O B N W A~ U N 0w

3.8.10 BB W TIEMKEZ 72 b LRl A (/) OHER
IKPEIT TN SERBE R T TN O AR (FEAN 53 AR ~pk 27 48) | Lo 0 ke

) BE
G331 B ARWIREE DR A8 AR 4RI 2000 4212 ok 3 642 L 1978~2014
ok To 36 [T 10 hroffsEpE & . AR/ \ RO AL D 1/56~1/10
BREIZEE>TWS (K 3.8.11), KT T 7 b UBlCH D & Chattonella J&
(774 N#a) & Cochlodiniumpolykrikoides (JMHEEMRE) |2 X HHEMHE NS
VBTV v HARDNT T THEDNNEIZ LD RERPEFE/BAEL VD (F
3.8.2 L UME 3.8.3),

RPBEREHB(EE)

.I‘
e

0 ‘
MO ANMFNUONSONOHNMNFNONSNONO—HIMS NONONO —cmstn
G R R R R R R R AR RR RS RRREE88888888555858
e A A A A A A A e A e A eI I A S N e I N S O e e e

3.8.11 MGBICEBWTHHERE 2 b2 b LRI AMS (M) R
AKEEFT UM IR F AT TIUNHERORE] (50 53 4R~ PRl 27 4F) | L0 S8
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7 3.8.2 T 7 4 FEEHOBREIFAIC X HiZEWE (1978~2015 £ T)

T
S| WA, AR W - IR
1988 | )\ | Heterosigma akashiwo N T TN T UG 3,453
Prorocentrum
1988 | )\fX¥fi | Chattonella antiqua NTFL TN TV RT A 40, 766
VBB
1989 | \fX#f§ | Chattonella antiqua 7 U~ 62, 560
1989 | ARAYE | Chattonella antiqua a/vma, JF~NNGE NG
1990 | J\fX¥5 | Chattonella antiqua T wHEA AN 1,099, 673
1990 | #%&7 | Chattonella antiqua 7 ~UBE 403, 809
1990 | ABAYE | Chattonella antiqua 7 ~UBE 51, 585
1992 | )\ | Chattonella antiqua INT F~UNBE 9, 482
1992 | HAYE | Chattonella antiqua INT T UNBE 366, 155
1992 | ARAUE | Chattonella antiqua v, o a/sua, JF,UTA NG
Akashiwo sanguinea RAUNIE
1995 | #%&7 | Chattonella antiqua INT F~UNBE 18, 749
1998 | ABAYUE | Chattonella antiqua 7 ~UBE 12, 148
1998 | HHAMF | Chattonella antiqua 7V (FHEfR), AT, AXF, NHA]
aF, oA, Fa, =, TF,
TIET A, T T A SR
(REKF)
1998 | HRAYE | Chattonella antiqua 7 <R N
Skeletonema
1999 | ABAYE | Chattonella antiqua TEHH, =R ~BH
Karenia mikimotoi
Chaetoceros
Skeletonema
2000 | HBAYE | Chattonella antiqua THY, RTF, AXF, NE, 264, 070
Karenia mikimotoi aF, o U UEHE,
Heterosigma akashiwo FAITF, B, B,
J=FH, Ty a~E
2000 | HHAYE | Fibrocapsa japonica DY DOEEL  AFEAR
2003 | HHAYE | Heterosigma akashiwo AT, ruakA, a)a~\n A<HA
BE (R9Rfh)
2003 | J\fXYfif | Chattonella antiqua TV, NTFTT AINX T 363, 666
YRTFLURT Y, wHA
A OUANE/ =T o NV
2003 | AHAE | oS T U ~BE R
Skeletonema
Chattonella antiqua
Chattonella marina
2003 | J)\fX{f§ | Chattonella antiqua TV, NTTT AR TF v 287, 382
Cochlodinium <~ T Y. BT ANIE
polykrikoides
2004 | J\fX¥f§ | Chattonella TUARF TV~ 226, 844

T, wEA, NTTT HU
K sl A, ARXX, Y

LT UAVZE
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2004 | )\fX¥fF | Chattonella antiqua ThxoA, aF, K7, =z RBH
Chattonella marina | I/ A/ = 0 (N
I, ARXF, THZA 0
5
2005 | /)\f\##F | Chattonella antiqua TV, eI~ Y, HuRF, v 94, 108
Cochlodinium <~ T Y. NI T TEANWGE
polykrikoides
Heterosigma akashiwo
2007 | HBAYE | Chattonella antiqua 7 ~UBE 11, 455
2007 | ABAYE | Chattonella antiqua HHFEI, =, a/vra, AR NI
Chattonella marina X, AFH, RT, TT AR,
(REFASE E FRSEE) | NCHLL 257 S8, 77
B, 7TT7E, UFF, AT
VIHATE, YR, T~
X, VEFA, BT A FTF X,
g4, v3F, bATX,
v ) AHEASVIE
2008 | HHAYE | Chattonella antiqua EATX. AT, =, HHFI, NG
Chattonella marina Yo, a/a, BT, AR
(RpFK L FRFEA) | . 7YY a, =, =t
PR THY
2009 | )\f\¥F | Chattonella antiqua TV, =TV, hRF b 185, 508
7 <P ~UVIE
2009 | /\{%¥f§ | Chattonella antiqua TV, TV, BT B 2,901, 996
Karenia mikimotoi F=Hh, wH A, T T T~
Cochlodinium 79
polykrikoides
2009 | HHAYE | Chattonella antiqua N T b TP~ 156, 050
(1D
2009 | #&¥S | Chattonella antiqua NeF e TvH, wHFA. b 273, 915
(FE1) FGIT T NN
2010 | )\f\¥F | Chattonella antiqua TV, =TV, hRF b 5, 274, 909
T, wHXA, T A bT
T TR
2010 | #&¥S | Chattonella antiqua NTTF eIV, T U 86, 955
~HA T T TSV
2014 | HWHYE | Heterosigma akashiwo a/vnu, JFE (KR ~» NG|
¥4
2015 | HHAYE | Chattonella spp. =Y, RT, AXF (KR) A~
TV NATF, IRTY 3, 246
~UNIE
2016 | J\{XJfif | Chattonella antiqua TV, HRTF TV A

IKPEIT TN SERBESH AT TN O 7R (BEAN 53 4~ Rk 27 4F) | 2> H2EGH

2016 FEOHPEERITMA T

] — Vi - RPN E e U TR AR LRl & e S D5 A 138 IRIBIEIC B 1T D R 2 &5

L C4ER LT,

FIEM OGS WHERED 1, 000 ARG QS EITHIA/N S W2 EIZE LT
L AL O)\RIEFH 2 AT D720 ORFRIHTEICB T D158 (K 14 A8 120 )
(ESHEROK Sy THEREL L TR Y | MEEMHFHSIIHE R D,
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# 3.8, 3 IMHEEBIH O RIFE AT K D EgE (1978~2015 42 % T)

3 8. FRi

A i R R - i
1978 | J\{%#F | Gymnodinium sp. S BN ANAY 3 30, 220
1978 | )\ | Cochlodinium polykrikoides | 7 U~V 3E 44, 537
1978 | J\fX¥F | Gymnodinium sp. 7. RT~NEE 26, 990
1979 W15 | Cochlodinium polykrikoides | /"~TF, <& A ZE~\4E 1, 242
1981 | J\fX¥F | Cochlodinium polykrikoides | /~N~TF. =X A . =T I~ 32, 596
1985 | J\f\¥F | Cochlodinium polykrikoides | <=7 . ~ & A S~ 59, 322
1989 | J\{{i# | Karenia mikimotoi < HA T IVNNET Y NT T 255, 754

<7 USUNE
1990 W15 | Cochlodinium polykrikoides | 77V ~\U % 10, 262
1990 | J\f\#fg | Cochlodinium polykrikoides | 7'V, vT 77 7 v X A5~ 4 40, 380
1991 | J\fX¥F | Cochlodinium polykrikoides | ~% A . ~T 7 7%~ \3E 13, 090
1994 | J\{X¥#F | Heterocapsa T aAX A SN R, 7Y U~ | 225,000
circularisquama Ay 2
1996 | J\{RIfE | Karenia digitata NZ 7T B v HANNE A~
1999 | J)\fX¥f# | Cochlodinium polykrikoides | &7 7 7'~ 4 57,907
2000 | J\fX¥F | Cochlodinium polykrikoides | N7 77 . ~& A 7V B35, | 3,984, 067
VTV, wT Y, wY N BT
~Y, rmE A AEA T
I, AYF, BETA
2000 | J\{XJfF | Karenia mikimotoi AAHATUE, =TI, hT7 29, 215
g7V, Za NE JvT
v, BT T U
2000 %75 | Karenia mikimotoi TV, =LA, HNNF NTTT 28, 065
~UNIE
2002 | AWM | Ceratium furca AP, TFI, AXF, BT A, M
Akashiwo sanguinea TAFT A, AL, TaF~E
Chaetoceros
2002 | )\fX#f§ | Cochlodinium polykrikoides | 7'V . J1 1 /3F & T AL 587, 808
2002 | BPAWE | Akashiwo sanguinea DY DORKEL - EBHE A
Fibrocapsa japonica
Chaetoceros
Skeletonema
Thalassiosira
Rhizosolenia setigera
Katodinium glaucum
2003 | AHAUE | Akashiwo sanguinea O OBEL - ABRE /~BA
Skeletonema
Chaetoceros sociale
Chaetoceros debille
Chaetoceros
Eucampia zodiacus
2004 | BPAWE | Akashiwo sanguinea DY DL B
2015 | J\{XYf} | Karenia mikimotoi (FH) 7V, ~F A, BT | 28,482.6

T, v Ax, TUE
(RER). RZ7, raxA, h¥I,
Y BT A, TT AN, T
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V., TUE, U=, HUHE

~VU B
2015 | J\fX## | Karenia mikimotoi 7 12, 804
2015 | J\fX#E | Cochlodinium polykrikoides | 71 5, 760

KFEFT TN TR TR N O AW (WA 53 A~k 27 /) | 7> BIEaF
2016 4F O ELR T A

A - WA L TR LAl & L S B B A A RYERIC 3510 B Ik & A
L CHEE LT,

R OB A, WHERED 1,000 RATGOHA IBIVD SV L,

# 3.8.4 T ORI X DiEEME (1984~2015 £ £ T)

S
S| P I R - TR
2006 | AAME | Butreptia (f%¥#E) /) OEED ]

IRPEFT UM M SETHF% T TILNMER D FRE (BRFD 53 4R~ Fpk 27 45) | 2> B &R
[l —HE « BN ICIE e U T3 4L L7-RI & 72 SN DA 1345 R I B 1T B ER 2 A%
L C4ER LT,

(4) £&EH

W1 D IR OER A S (1984~2015 45) 1%, 1998 A=EE ) & HEAN
fEF A Z HAL, 2000 HROFAEME (K 36 1:/4) 1T 1970~1980 4% (K9 15
/%) OMR2HERE Lo TWD, HEANEE R AR E 2 ik 5
&L WE O & OMICER 2 EEE XA LR, e, BRI T o
NN A D & BRI KD RIF AN G <. MlEERST 7 0 RS I
IZHi<o 77 4 REBOEIEGHEMLTWNDHDOD, O K E 2B kidi b
AN

JNARHEIZ 36 1T D AR ORI A S (1978~2015 A7) 1%, 1998~2000 H-LH )
HHINLTE D, 1970~1980 X (K 8 £F/4F) & bl LT 2000 AR O AR#IF A&
W 9 17 H/4) 3R 2 fEREEE L 72 - T\ D, TH AT &8 X ORI A1 5k
EHBMEIZHRTEWVIRESHWTEY, HESLETHS, HRNTT7 27 Fv
BNZHD &, HHIERSST 7 0 FBOEISIT6HRE LRI AL TELT,
1991~1995 F\ZHFBEOFIE N —FREIIAK T L7z b O O, BEWIRYIZ IR D 2 8
X HIRVN, 7272 L. 2015 A2 Karenia mikimotoi (GiiEwdE) 12X A
FED K E IR AR DR A LTz,

B2 BT DR OFRMBEAEMEIIIRAN T T > 7 R BN H D & iR
ERL 22> TS,

¥, AFEATFEAE U TERICBIT 25 GBREZEH LD TH D0,

WL, ERZ28EDLRVEDOTH THHE FrC 2 UV oaELIRE) 1[50 T
TRERELTHZLICEETDINERD D,
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A - \REE TRAET DRWORIE & FHIIRkDO LB TH D,

< PNREEE AR R R A AT B3, 2 VIRNCRE 2T 2 L. Ak b E
JISEZTEARH 5,

s RAUEEREIC KRNI~ BN AE L, V VDOEEBEBICEY /U R
ICRERIBEREZ G D,

- T 7 4 FERICE 2RI EMICRA L, fhE~EEL 525,
RS K DRI E ISR AL, KEEMOREEZGI SR Z LRE 2
BENTF LG5,

B30T 2 IR E ORI A ENI L, 1998~2003 4F D [E] A3l D2 Hh~
ZUVMER DI B2, JRINT T 7 BN HD &, FIZLDADEEBNRRKENE D
D, TDOELN, BEICED )V 0aEbRETH D,

IR 31T D AR E ORI AL, 1988~1990 4 K TF 1998~2010 4F
2% <, RIRNT 727 b rBlc# b &, Chattonella J& (7 7 4 Kig) &
Cochlodinium polykrikoides (JRHMiE#FH) (Z X HDHEME L, Bhifa (7
U, FTT77%5) O~NDEIZE Y FRICRE RENRBELTWVD,

WaiB 2B T AR E OFEMBE AT, FAEHBEE2E T TR FHES
IR DI ML D 1/5~1/10 FRETH 0 | IR EM S o B 1X1E &
I EBRBNIRN, RN T 7 N BINCHD & Chattonella J& (T 7 4 RN#k)
& Cochlodinium polykrikoides (RHETEHEFE) 12 L DB EMHEN L < BhifA (7
U, & A4, T T775) O~NNRIZE Y RERYPEENHEAEL TN D,

235 3CHk

1) RAmAF (1997) FREORY (B i) , EEMEAM, 3, pp. 337

2) WM (2011) EHE /U @K B JRIK#EE Fucampia zodiacus O RKEFEHFEICEIT A4
PUAERESEHNITE. B RMOKERITR A & v ¥ —i 5 E DKER], 42, 1-82.

3) AH—HE (2000) T 7 4 REERBAOIANENE L T, A% - AERWORELEL T - B
Br. A HEEZENIE M, BAKEEIRMER S, B, p.29-70.

4) WA - R IE (2013) A MV Rk 2 351 B Chattonella 7R I OVE T & /KSR
DOENRE & A FEERBE A & OBIR (2009-2011) . B RAFIKPERL & » & —WF e, 26,
57-71.
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3% 9./EW

9. &Y
(1) AL - \KBFOERRE. HLESF

B - )\RIEE I, BN AR Z TOICERT 2EM0 B FEL T
%o KRIC, A, J\E TR, FEERE A, UZEN Tk o A A 370 oA
ETARIEZREHFENBE L HRINTEBY, ZRH0MIRESEL v R X b
(BRfE4, 2015) IS TWAELERAOND (383.9.1),

*3.9.1 AWM - NS O/RDENO K

X5 A FF

%A =Y EN), 7747794 (CR), Y~/ HI (EN), U7 AR (VU),
LY Iuy (IB), ~nBZF (WU), #8577 F (VU), T XTI HE
SA.TUTHHe AT T4 (CR)

iilke FrAxe FITr¥YVIH= D), ~F 77 vFIAH=T7I7T
TH= EAEI A=
B NATA (VU), 7~=YrRo, 7<% ((RHEN), 7% (VU),

AI /X (VU), Y HATX (N, v~v~FHY Ja~ki],
v T~ B AT UEF ((R+EN) . TAF AU 37 (V) .|
IvA~A (VU) . ¥XHTEF (CR+EN)

T OMBEFMEENY) | Ay IBUTA, IRV I®UHA, TVT T ALY, Y
VA= =

Ty GEARY) | T A YT (V)

E1) () i BREALV Y RURXMBEEOL T IV —R &R T,

H2) TRESIE. BN THERNE - RIBEICOLLMT AHEE RS,

Hih . THEIEOA S LORD T8 W RO AMSEENE (EFS, B, 20004 12 A, & Ef, [
) 1. Ty RU R (2015) 201549 H, BREEE] % ICICIERL

ZoHh, 2T, AR C\RUETIET ETTHERINTWD,) I
L, EBNRHEROT —20nH5H LY T 7|ZONTIER5S,

PERIRNO L 2o v OFE R 1960 FR1% 121 150~200 t TH 72 D3,
1970~1975 4EIZ1% 77~104 t . 1976~1980 4EITHMT T 24~38 t L& 2D L.
1981 FFITIL 16 t, 1982 4FI2IE 8t &AL, & BHIZ 1983~1990 FAZ /T Tl 2~
5t F TR Lo, 1991 LR ITIEE R OEJRX O E R & ORER b £ - TH
@@m%rbzmwﬁ 1L 25t EreoTm, 22, #iat & L CTlRIZDOREEN H D 2006
EOWBEEIZ 11t THho72 (K3.9.1),
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(Hidh . B IEEMOKPERSH 2 b & IR
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