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I. a7 A3
A2 e T3 ZEEHUR #3 Hx9 Alorleid
(Development of Bloom Control Techniques through Life Cycle Elucidation of
the Harmful Dinoflagellate Cochlodinium polykrikoides)

o. 7708 54 9 dg94

Cochlodinium polykrikoides= AFAAE JAZAAEEA, A= AEAS] Y
o oAl ¢ot P del FHE et HE FHER AERE YE A
24 ZAY A ThsAdel AAEe, 2 FHEAY] Al&sta HEg AEH A
A FAY A dQstA =AU st 2 Fo A/ Ao #-
H BHQ8RNES Foteta, dx FAEHFQAY #HI Ax fFed4t 2d S g
st st volrt AL DAE 83 FAERALE T 84E HAFshY FH
FA ARA S g wA AA ThsA Aesd ¥ 3845
ARstRen, FAED Axo] o8t Az TAE Ao gelsta &8 3 Az
W8 st TbeAds dASstaA sk
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1. Cochlodinium polykrikoides 3 A} 3|
7}. C. polykrikoides F78 E R Hcyst)] Hz &7 2 dol F<Ql
1}. Hyaline cyst @4 2 dto} 54

th. C. polykrikoides XA A FE S 2 A Nematodinium sp.o] &7} A F )4

AL

2. Cochlodinium polykrikoides WA ZAH(FHEX) T AJEH Jid 2 H&
7h FEEA Yy g9
Direct counting®(SPTH) 2 Real-time PCR®
1}, Direct counting®ioll €3 FHIEX} E X FALo] 2|9
t}. Real-time PCRE ©]-&3F A 9¥ ZAeE ut<t .
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3. Cochlodinium polykrikoides A 7N A< A/ Ae] 7 314
7v 87 AR, &A=, AR, nlE) A

U 2eter 14 AA 212_3_,\]_

th. C. polykrikoidesS} Nematodinium sp. olA &3] @A

4 AZAT Y 87 2 34 F3/00A 29 9y

= o
7}, C. polykrikoides®] 2373374 2= A E5A uof
L Az vpole 2o £ B A - Ay 54

zll TA

7. glﬂ rfolazaE AYe B3 FEAET AT 24}

v SEANT O @& 3 gl
A8 7t

V. 742 2

1. Cochlodinium polykrikoides A A} af| 4
7}. Cochlodinium polykrikoides FAE R} (cyst)e] Hzx F7A @ o} 39l
C. polykrikoides®] FHEA A &AL Qi wid Hr|Fe=z Hx FA

)
e AT 27 Ao FANT YE AFE 3 Auwe] A4S AYF
=

( S
stlek. 23y AR A AREE A2 F= C polykrikoides
wolshe S HFY FAE = ey, Lol (germinant)
M Eo 2EL FAstETE dH 2009 59 T-6Y Zo] A Agk A
71z A 49l A net HFF A FoA C. polykrikoides®] FHAEANE HE=E o
Al e, oo welsls g AnA el AT
2 [e]

Fol HAo FHIAE 2L spined FASD U= AW 7HATL UA e



FEl = #FEENeH, ZF FEZHE red bodyE 7HAT St =Z7]= 35~43
7o A H A E = hyaline cystél= T2 Ao

A 35~45 m, AZ 20~30 m AEFoH, FEATE A 8

]

Al
chains77} Z] 3 A

1}, Hyaline cyst @A 2 dlto} EA

C. polykrikoides ol ol&] FEAIE hyaline A E= JUAE} H
7] A4 Ak, Chloroplast’} Ao ¥ H]|LEA

7R QA Tk AlEe] ZTHof sulcus$} cingulume] 3] n|dl EF o]

gl gk oz FEMte] QST WY/ 9 = A A

Ho g :r“jﬂﬂ“i 9] hyaline AlZ 9] ¥ 37} hyaline A3 o)A

2 7HdEE A QO]*}‘HE} Hyaline Al¥+= ©dA Lo A FE 87
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t}. Cochlodinium polykrikoides WA X RFO 2 A Nematodinium sp.2] =

At AFsHA

C. polykrikoides®] A&A} A+ F C. polykrikoides$} Nematodinium sp.2] A
Al 71k drolA S FEl A fAdol BEEUAT.  Nematodinium sp.o] FHIA=
Gl Y RE A} AH AU H, C polykrikoideso} HAFANA A2 F
Alell o] AlztEE Fo] EQlgorM, HUEY HGdA F TS 27T
ol NE;For AAHAY = AL Aow FAHHAUY. webr Nematodinium sp.2|
A3 AFHAE fostr] fa EAHAE sidEs FAsAT. B AFAA Y
Nematodinium sp.(2 &)= Prorocentrum, Lepidodinium 9 ZIE3} 3ht}e
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Aol olg® F F AP 100%
A= T2 glley, o F 7 2d#Ad e FL
Nematodinium  sp.o|Re® I ooz  Cochlodinium of.  geminatum=}
Dissodinium pseudolunula?l Roz2 et ols F& FEHHozZ= wl-$& #
Ay 2 Aol AoA fFRHCcR dF FolE B uet T AASH
Qed, BAAEHE 9TE B 92D 2o B0} B,

cladedl A/l #3}3t oz s|M=ATt. A F3
Warnowia sp. <}
(@)

. Cochlodinium polykrikoides WA ZF A8 n@= AEH Jad 2 FHL
7 FREA AR 49
Direct counting®(SPTH) : A2 F FHEXY HAHASFE $I3te] SPT

2 cms}aau}. Qe SAnzRel FAZAS gL c-ah 13 g/cmQ]
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1}. Direct counting§oll 2|3t FHER B X AL 2] 9]
S FH IRy AR E "Seed beds'EEE 7|elEtE
AdA Aol FHEAT}E FH LA EEFhs AR
2HAE W, T A FHEZA IAIFQ doto] o AxTF AlFEHT=
AV 7F 7hsstth weka] 2007\ C. opolykrikoides A% rAlo] wrAgWH o
de] gty 4x 529 AJdAYE YR FHEA REZAIE AASHA
z Nematodinium sp.o] FHEA7} =& Lz TAFG I,
Az7F dofd AR Y (10-15 cysts/10 g sediments in wet weight), FHE

= a-
el e A FHo] 73 A (98 cysts/10 g sediments) TE A gF2 T

S
>
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2 A Y(0-2 cysts/10 g sediments)ol Al FZ3F 2o]lE YEIYTE whElA &3
z7 stollA FREAS] Woprl X EHE 545 LH3HH, F4lo] e At
A =2 X2 AF Az JdA 988 =

t}. Real-time PCR& ©o]-§3 A ¥ JA9g w9

C. polykrikoides®] F+& Az AR QA A&k AMFE, 0z, &X%, §9,
oA g AEAAE ez FHEAY 2X 9 B4 IAHE S 2ASIALA )
A, C. polykrikoides2] ITS rDNAY YL F3 wEX primerst probeE 9]
gttt o 27, 2l g Awke] A 200992 HFH 4, 7, 8, 10014 6
Y5E 997bA] 0~3.3 copies/g, 2010 = 200937 T HHAA 495H 6
742 H) 10 copies/g(HH 8)7HA HEEF O, A=A AF AUl &l
Aot mFo A= 20093 59 AHH 1, 2, 6, 10, 13, 15914 1~2 copies/g2] H <
2 ZHAEHA, 20103 8¥ol= AH 17 2004 Z+2 13} 3 copies/g7F HEE A
=3

ol& 2R &+ BH +HY C polykrikoides FIAE] AEFE ZASIAE
g, xget A 4, 7, 8, 10014 2011 54FH 8¥74A] EZ d5olA FHo
212 cells/L, A% oA A 1,052 cells/LE HZEHYZ, vz AgtdAs
T= oA Ho 320 cells/L, A= o)A A 40 cells/LE AZF YT}

o] 272, A& A5 real-time PCRE ©|8&3+ C. polykrikoides FHER} 7
Zo] W2 AL FAE otz AA 53] Co polykrikoides FYME 3
dZo] 7bse Aoz AGEH, Az A JhEAY geotr T w2 Az 7
3 Hast e FFo &&o] 7ted o2 AlsHTh

olr

O

3. Cochlodinium polykrikoides X Q7| Ao LA/ 37 3|4

7t A7l AARBTE, AL, AFFE, ulx) AL

20093 ~20113 C. polykrikoides®] F& Az AR Q vl AL, bz,
S5 AL R s 2 AZA R et o]88tE (physico-chemical)
2 AETH QAe ZASIA

O Agw Ahe] 5~99 FLL& EZ 1688~31.05C, A= 14.65~2590C ©]
Qom, AL T2 2035~3494 psu, AZ 30.10~35.02 psu, &FZAAE F=
4.00~1076 mg/L, AZ 079~810 mg/L B el DINS F= 008~
268 uMe] W9, AZ 0.03~7.84 yM9] H9HGon, DONS %3 0.21~280 uM,

(o
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A% 0.05~1.64 yMe] MLt DINF E 3ol 50%7F DINZ DONe] H| &

o] Ak, MZ<] A¢ DIN H|&o] 65%2 Th: =9tth DIPE 0.09~1.62 yM
at, 424 0.02~181 yM ¥ DOPE ¥Z 0.03~056 yM <, A= 0.03
~052 pMe] ¥ gt DTP & DIP9 H| &L FZoA F 70%, A=A 65%
A== JERT DSiE ¥Z 013~1351 yM, AZ 1.15~12.98 M2 M=
LFERSETE.
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R=Ae-S
Bl

ZF 35% (300~27,000 cells/L), 7+Z&F 36% (2,100 2}
HRen dEHE FANA AR deE Frtete AFS Rt $HFS
ZAF 717Y F FZ2F Chaetoceros sp.H2u, C. polykrikoides= T3 z7] 1

279 Z7ksh B F7kHE AFIAAY, 2R $H 9T
= I
pu— AN

lo
fru
=
i
ox
N
N

O AFEE 2010~2011d 7~89 9] 428 EZoA] 2356~2524C, HZo|A]
18.85~2051Colom, P8 E= 3158~3423 psu, A= 32.21~3434 psu,

{Z24D0)E FZ 6.73~749 mg/L, A= 418~651 mg/L W2 ERTH
ANEEZIAE T4 B AEF B, T 2FY H4=E9IE T SHEXF

14 (400~3400 cells/L), F25 28% (8,000~459,350 cells/L)o] T2=Ich
TFZ 5 Pseudonitzschia pungens?} $-H3tH 79 219 ZAlo| A C. polykrikoides
o wolaA|7l gk (45~155 cells/L) HEEoL}, YL oas AAHA &
pige

O wF 2011d 7~8Ye] L8 FH=oA 2273~2580T, A=A 17.2
2441Co|%loen, GRS 3F 27.79~33.44 psu, A& 32.38~34.93 psu, &=4tA
= 452~686 mg/L, A= 145~516 mg/L H=E eyt DINE =
0.87~1.97 uM, A= 0.85~1.95 yM HF o™, DONL& %= 0.04~0.66 yM, A
Z 012~159 yM HLZ et DINSF DONS T FolA oF 20%, A F ol A
30% lﬂﬂ‘}iﬂ- DIP= %ZF 0.01~053 uM, AHZ 0.06~0.69 M Holglom,
DOP= ®= 0.03~0.38 yM A= 0.08~0.38 yM HL|t}. DIP 5 DOP H|&
L EZ29 AZoA o 50%Yth DSis ¥ 054~10.63 uM, AZ 1.35~9.24
uMe] T,

Z 52F9 AEZYUIE F JHEZFE 2252 310~6,500 cells/Le] &
zZFo HIE HYon, FERFE 30222 67,050~100400 cells/Le] &ZeFo]
#AHAY. FHFOE [TFZF  Asterionella glacialis7y $-73+ 3§ Chaetoceros
pseudocurvisetus, Skeletonema costatum 2.2 F Ho|7}F B}t C. polykrikoidese] it

fr

- Vil -



olAE 79 26Y, 8Y 249 20~200 cells/L, 5~42cells/L = WAE oL}, T2
Slgw A2 R Hel ekt

O SA%x 2011d 7~8¥€9 2 xFoA 22.73~2580C, HFolA 17.29
~2441Co|Qtt. EEL £F 27.79~33.44 psu, AF 32.38~34.93 psu, &=AkA
= X% 452686 mg/L, A= 145~5.16 mg/LE YElGTE DINS E3= 031~
1.98 4M, A2 0.824~197 yMo]|gleW, DONS ¥Z 0.04~066 M7} xq% 0.12
~0.74 yMe] M2, DTN & z}+z} 30%, 35% 1EE B4t DIPE %2 0.00~
032 uM, A= 0.01~038 yM W o]n, DOPE 2 003~044 M, AZ 003~
0.38 uM ¥l 2, DTP F DOP9] H]-&-2& 747} 50%<} 40%= vtERgth.

39F0] AEZFIE F JURZEE 12F (1,500~10,000 cells/L), FZHE
27F (21,900 ~613,200 cells/L)ii AasEgom, ¢FFe wzst Lol A
glacialis®] 97 & C. pseudocurvisetus, S. costatum7} $-743}H}. C. polykrikoides
o] wolAle 79 269, 84 24 4F TAECU Hx WA= o] A A
Ratend

v Aggk 18 A" AFZA

AZzAF 717F E9F 20104, 20113 688 AlZto 7 TolA7t HE FHE
AL B F don, 57 59 dFe 17 EXe S B 5 Utk
FEol A Fole AZA WA WA A FTF] TolA £Vt BolAe &
&s 3ho} o T3k Sz A Wte] wel 2

t}. Cochlodinium polykrikoides®t Nematodinium sp. WolA] ZHHe] AFw
Al

Apgkkel  HU|ZAS FAFZRAF AL Fst Co polykrikoides oF
Nematodinium sp.&] olA|7} A Y A7l Zdstn gt A=z Veht
olo gt ZALE AAlISHSTY.

2010 5¢ 29¢HH 8¥ 17U7A] C. polykrikoidesS} Nematodinium sp.2] &
oAl el 2L A A3}, 69 139 Nematodinium sp.7t H7 48} 704 24zt
14 cells/L, 7 cells/L2 HA AR oH, 64 16do= C. polykrikoides7} ¥
olo] 3}t o|ul, Nematodinium sp.= 45 cells/L(F8H 4)9} 54 cells/L(H

- viii -



H7E =& 22 29T

2011 5¥  14doA 8 3U7XRY  ZEAAEZ  C. polykrikoides S}
Nematodinium sp.2] obA] &L 2010 Z¥e} ¥]5=3 AFS Jehfled,
Nematodinium sp.2] olA|7} A" F 2-34 Foll C. polykrikoides] o}A| 7}
A7 A FstH . olAel A= Nematodinium sp.st C. polykrikoides7t @7
oA Aol FAlel A7 AlAstaL o] Folk AR EAYLE HAoEH,
F e 28AHA UM AT 2T ARFLE uHT F Joen, olF

vtgteo 7 574 s gollAl C. polykrikoides Z 71l HUE o] &80 75

e

7}. Cochlodinium polykrikoides®] Q74873 2 A EA o}

St Aotaigdl Edste A SHEZEF C polykrikoidese] A EA
& Telar] sk +2, BF, 9 2T JYd Hse mE 4Y =
o H k.

C. polykrikoides®] 7373 QTS wmxE F3 GBS HH, £ 15T F
FE 15 psust 20 psuoll M= dFsHA] @dskARy, O 9o dPF= A
AYAFEEE £ 25T, E& 30 psudlA
polykrikoidesw= @9 F- 7ol mat A
ov, AYAPEEE Holt Ju
Ao 2HE C. polykrikoides= 10 ymol m™s
mZs ol el e #AHAG F zA I HEFH A4FAL p = 030

(1-15.27)/ (1+27.22), (r=0.99)2, HNAFEEE 030 day”’, BAZZFE 1527 ymol

m?s' 2 JEebgth weba] Copolykrikoidess AN Aol £33 HolgtE AL &
T Ao, olet Fe AEE FE§Y BF A Hx P4 g dH U=
o

dested Ao T AR Addr

C. polykrikoides®] FFFel N34S AHE7] fAsiA HEHA A|FHY
sl ?loﬂ siA = T8 d¥gS sy DIPE 10 #MV}Z]"E %:
7t 57 om, O o] wxdME frAtet
©]& Michaelis-Menten?]of] thjst] 2 A7 217k A&AAF(r)= 0.902
2 ARAAE Bt o] w HWAFES (pmax)E 0.80 pmol cell'hr’,

O

Hﬂ_ﬂmom

=

F3AF(Ks)s 1.87 pMolAth. C. polykrikoides®] Kszte & AR ZH

—a_
Gymnodinium catenatum} Alexandrium tamarense RTH= & Zhollout, 127/
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Skeletonema costatum©] KsZkH.TH

LHF9 S, costatum B ThE F719 %G 7l

3 B skl woke AL o
o GFgel Bat Aol FHHE ARFFEE (max)7t 2B JFgol =
$E2 ZAY A%, FRANAE J9IL B b+ 9]

. AWl FE5E Vmax (pmax/QO)E A4tsted
SHRZEFANA EiuxFojzl Vmax
2772 A A. tamarense$} -S-A}SFH T
griet tE Q) FxFol Hetd Frie] FdFd st Ao r Egh
ey 248 7HA e e udd

FHoZHN DIPTHE gk DOPSIt &S ol &
ste] 4L ASYT}. C. polykrikoides s PMES| A 0.13~0.19 day™¢] AF &=
2 X Ortho-P (orthophosphate)oll ] ste] oF 92+12%09] | F3tH . AMP
(Adenosine 5-monophosphate), ADP (Adenosine 5-diphosphate) % ATP
(Adenosine 5-triphosphate)2} 22 nucleotide A<E¢] DOP 3}gES -
Ortho-Po] gL} FASHA vrebstth whabA Co polykrikoides= DIP7} A&
" Ao e DOPE o|&3stad AT 7hs/dol & A= HolH, DIP A|FL
C. polykrikoidesZ} Z2 F9] 4R $3AL Aoz HAY T T2 &3
F7189 ol&A4E H/ME & = DOP 7te28] &4< Alkaline phosphatase
g4 (APase)=2 AldstATh. C. polykrikoides's ME 437%o] ZaPHLE ujj ool
e DIP =& Azl #4slH, APase 4L Azl F7lstes TS 2yon,
ME Aol AR 7oA | APase Z4o] HEHAW. C. polykrikoides= v
kAol DIP %7} 0.83 tM & o (1193%), APase &Ao] HE=2 HAZEHUS
™, 0.70 pmol cell'hr'e] A 4L BT} APase’} HLoz $=% DIP &
T ATt @FFERT APE 22 FEE AE 2E9 € F EAS Hs
A= DOPoF 22 7] @¥ge] B8 Aeg B

M 2 rlo
N

=okth. E3E, Vmax/KsH] &=
ol¢} e AFNRRE C. polykrikoides= -

o 7l
=2
e
El
ofr
L
)

StA C. polykrikoides= 1 &

ol

U A2 vl o] 22 % A - AY 54
siof wole22o] e sjok AT z%
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Heoew, O 23 JHRZF F HFE: YA FA C polykrikoideso} #H
Prorocentrum minimum3} Heterocapsa pygmaeasS Zr@st= wlolei =g @AY
o ol @ Hold el WHA, BAMENY 54 AHF $FAZE APEA
7= A, Aty d A7 BE&3] dFHJS nFTHA R Co polykrikoides S
g 1 9 RAERE FEStE wolelavl BAEDY, odE ATE Az
stod fsldzel Aoldl £9ol 5T Aoz BATh @ volssE
o Weld, 2AARRE 54 FHH SFALE ADAE A, A
BAZE Bes] ASHAG. PHRAAR C. opolykrikoidesS THE I o] FH=2F
£ Haste vpolgart dAERH, o3t AFE 7I2E St FaHz] Al
oo £9jo] ¥ Aoz B

fr
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Bz7] Ar) F2AS 2RE BATSHD 27] A dRAdE FETE
L 552 YT 227 2RE AU 329 G249 FFS A4 G275
YT FES BYT, f&0l 276l Hsted 2 Uekth 24RFe 2
e BW BEY e 550 ANFoR S Uedth

U A& FHA 24
4 FeEdy Lagrangian WH-E o83 JA FHA Zd(particle
tracking model)& o835ty fFaH2 ATS ot TY-Fa FHEHNY
oA 4t EZ (M2, S2, K1, O1)8] ZFE POM (Princeton Ocean Model)& ©]-&
st ARstTE ol s 5 FAHS JIwe g st AT, wxghbit), &A%
AE sl a2 Al A FAl %311*—‘15 "3”01 T RS A A
g 204 22 %7 A8 YA 23
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6. Ax FAY Aol @F Hrt g Do} IPUNAIRE 7A 7 AE
7h Al mlolarag 49E T FELX a7 A}

AT N7 B AFNA C. opolykrikoides H 27t dojuiA] e BAR, A
49& Bole] FE AXo o Hx 7A AAE ZAEIAT. C polykrikoides
QYA EE 1,000, 2,000, 5000 cells/mLE &1, FEEZ 0~10,000 ppme] 9]
2 e AAs] 3E 4% 19 33 F chlorophyll a 3t-& SAst] tiz=7
sk Hlmwate] ARSI

I 27, C polykrzkozdes FUAE F=7) 2000 cells/mL o] oA FE F=%
7} 10,000 ppmQl B¢ FEC o7 A4 &3Vt =& SR YENT o & ut
o2 WziF(mesocosm) HAE T T Mg Fejolrel FE Hx &5
£ Jofstejol & Aoz A

v JEAF| w2 Cochlodinium polykrikoides FFME FA 2 FHIZA
HAAAH 7t
FHXA FA A3 s8€HE FASH] 98 2TE AT (/2 ¥jAE Cell

culture flasko]] Ho} rmlojzgxaE&E AYL FHSIAT. viSFH C. polykrikoides

(5,000 cells/mL)ell BFE(10,000 ppm)S ATsigon], AFAE 2 FHEAES
AZ3st7) 9ty 1= AEHQ real-time PCRYS o] &3tgtt. 2 2%, &
Ax A AANME C polykrikoides7t FEE A &9k, FE AXE F 147t
ZAAHsAE W) B3 A=9] C polykrikoides 7% Fkol H]=3 AL & 5 U
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SUMMARY

I. Title
Development of Bloom Control Techniques through Life Cycle Elucidation
of the Harmful Dinoflagellate Cochlodinium polykrikoides

II. Introduction

The dinoflagellate Cochlodinium polykrikoides is a fish-killing species of
harmful algae, and its outbreak had been known to be caused by inflows
from outside as its life cycle was not identified. However, as a recent
identification of its resting cysts suggested a possibility of its potential for
internal outbreak, rapid and precise methods of identifying resting cysts and
researches on regional resting cyst potential were required.

This study was to find environmental factors related to its physiological
ecology of dormancy, to identify growth promoting factors of harmful algal
blooms, and to establish their hydrodynamic model. It also examined the
efficiency of applying mitigation substance, and carried out a research on the
possibility of controlling their outbreak in regions populated densely with
resting cysts and on the efficiency of spreading mitigation substance at the
early stage of their germination. It also tried to judge its ability of controlling
the potential of the red tide outbreak, and to verify its physical prevention

and its damage control against harmful algal blooms.

III. Research Subjects and Contents
1. Life cycle elucidation of Cochlodinium polykrikoides
(1) The first findings of resting cysts of Cochlodinium polykrikoides and
Nematodinium sp. and the identification of their germination
(2) The formation of hyaline cysts and characteristics of their germination
(3) The occurrence and systematic interpretation of Nematodinium sp. as an

indicator species of C. polykrikoides
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2. The Development and application of conventional method for the
discrimination of resting cyst potentials of C. polykrikoides
(1) The establishment of the counting method of resting cysts
(2) The meaning of the distribution investigation of resting cysts by the
direct counting method
(3) An investigation of regional cyst potential by using real-time PCR
method
3. An Interpretation on the occurrence and the ecological environment of a
regional population of C. polykrikoides
(1) An periodic investigation on strains of Jaran Bay, Yokji-do, Saryang-do
and Mijo-myeon
(2) A concentrative investigation on fixed stations in Jaran Bay
(3) A correlation in the occurrences of germinants of Cochlodinium polykrikoides
and Nematodinium sp.
4. A detection of growth conditions, and growth promoting or inhibition
components for harmful algae
(1) An Identification of growth environment and physiological characteristics
of Cochlodinium polykrikoides
(2) Separation and physiology and ecological characteristics of algicidal viruses
5. The establishment of a model for mitigation and prediction of harmful
algal blooms
(1) An physical investigation and the establishment of a hydrodynamic model
(2) Particle Tracking Model
6. An evaluation of field restraint on HABs seed potential and examination
about the possibility of mitigating the initial germinant population
(1) An investigation of the mitigation efficiency of loess spreading on
vegetative cells of Cochlodinium polykrikoides

(2) An investigation of the effect of loess spreading in microcosm experiments

IV. Results
1. Life cycle elucidation of Cochlodinium polykrikoides
(1) The first findings of resting cysts of Cochlodinium polykrikoides
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and Nematodinium sp. and the identification of their germination

To identify the reality of resting cysts of C. polykrikoides, we conducted a
cultivation and microscope examination on suspended materials sieved in
filtered seawater after sampling sediments from Saryang-do and Jaran Bay,
where there were annually reported periodic formations of harmful algal
blooms and early outbreaks of vegetative cells. We conducted a net sampling
(20 ym) of vegetative cells, and observed floating cysts at the same time.
Even though no germination was traced directly in cysts of C. polykrikoides
from the sediment under the sampling process, the occurrence of its
vegetative cells, germinants, was verified. On the other hand, the resting
cysts of C. polykrikoides were first found in the net sampling at the periodic
examination on the station 4 in Jaran Bay from the end of May through
early June, 2009 and their gemination process was verified under the
microscope. Just before germination, resting cysts were observed to be with
a small spine and without one, and all of them had a conspicuous red body.
Their size was 35~43/um long, and they were distinguished from hyaline
cysts being formed in the process of germination. The early germinants
were 35~45 yum long and 20~30 um wide, and their vegetative cells

developed into 8 chains at the maximum.

(2) The formation of hyaline cysts and characteristics of their
germination

Hyaline cysts formed from C. polykrikoides were similar to vegetative cells
in size, pale in color, immobile without chloroplasts. Their size was similar
to that of motile cells. Only faint traces of the sulcus and cingulum
remained on the surface; all hyaline cysts were surrounded by a transparent,
thin hyaline membrane. After being preserved for 6 months at 4°C in
darkness, cells of C. polykrikoides regenerated successfully from the hyaline
cysts when moved to the light and a higher temperature. Hyaline cells
developed diversely into single cells or cell clusters being chained with eight
cells. Each cell had a red body, and cell clusters formed a hyaline membrane
surrounding cells. Even in the sediment, cells could be detected having

primuline staining. Thanks to their chloroplasts emitting red light, they were
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determined to be alive under the fluorescence microscope. The result meant
that most vegetative cells of cell clusters chained with more than four cells
could be transformed into hyaline cells without changing the number of cell
clusters. It also suggested that hyaline cells could be considered a kind of
temporary cysts, not to be at the dying stage of vegetative cells. As C.
polykrikoides cells regenerated vegetative cells successfully from the hyaline
cysts in the favorable condition, hyaline cells were determined to be in one

stage of the life cycle of C. polykrikoides.

(3) The occurrence and systematic interpretation of Nematodinium sp.
as an indicator species of C. polykrikoides

C. polykrikoides and Nematodinium sp. were observed to share some
similarity in the outbreaking period and in the morphology of germinants.
Resting cysts of Nematodinium sp. were present all over the area of the
South Sea, Korea. As C. polykrikoides and Nematodinium sp. began to occur on
the spot at the same time and showed a similar aspect of occurrence, the
two species were estimated to play as a indicator species to each other in
the mode of ecological occurrence. In order to grasp an accurate systematic
relationship of Nematodinium sp., an interpretation of molecular system was
conducted by using the information of genome sequence of dinoflagellates
registered in NCBI. Nematodinium sp. in the experimental group was
interpreted to be divided from groups of Prorocentrum and Lepidodinium and
from one clade. There was no species being perfectly coincident with
Nematodinium sp. in the system analysis. The most related species were
Warnowia sp. and Nematodinium sp., being followed by Cochlodinium cf.
geminatum and Dissodinium. They were much similar in morphology, but as
they showed a partial genetic difference in the result of this study, further
detailed morphological and molecular biological researches were required for

a definite classification of species.
2. The development and application of conventional method for the

discrimination of resting cyst potentials of C. polykrikoides
(1) The establishment of the counting method of resting cysts
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The method of SPT was introduced to count resting cysts directly in the
sediment. The resting cysts of dinoflagellates were reported to have a
specific gravity of about 1.3 g/cm® (Anderson and Lively, 1985; Bolch, 1997).
The most dinoflagellates could be separated from an experimental group
with a concentration of 1.3 g/cm® and they were more than from
experimental groups with a concentration of 1.2 g/cm® and 1.5 g/cm?®
Afterwards, the concentration of SPT solution was set at 1.3 g/cm® for
resting cysts of Nematodinium sp. in the quantitative analysis.

Vegetative cells of C. polykrikoides were morphologically defined by their
distinct characteristics of the cingulum, and were identified by light
microscopy and/or scanning electron microscopy (SEM) on cultured strains
(Matsuoka et al. 2008). For identification of dinoflagellate cysts, light
microscopy and SEM observations were also required, and the field-derived
cysts were commonly incubated in culture media over a period of several
weeks for growth, and then the germinated cells were re-examined by
microscopy for species verification. These conventional methods required
considerable time and expertise for species identification. To overcome this
difficulty, molecular identification methods such as real-time PCR assay,
fluorescent in situ hybridization and sandwich hybridization have been used
for detection of harmful dinoflagellates. The rapid and accurate identification
and enumeration of the target species of interest were prerequisites for HABs
monitoring programs. Real-time PCR assay has been used for rapid detection
and enumeration of harmful dinoflagellates in waters and sediments. The
method used a cloned fragment of the internal transcribed spacer 2 (ITS2)

rDNA gene as a standard for cyst quantification.

(2) The meaning of the distribution investigation of resting cysts by
the direct counting method

A common assumption was that cyst ‘seed beds’ provided the inoculum
for many harmful blooms. Given the widespread cyst distribution typical of
coastal areas, one important scenario was that the blooms were initiated by
the synchronized germination of cysts throughout the region. Therefore, we

investigated the «cyst distribution along the coastal areas such as
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Gosung-Jaran Bay and Wando, where Cochlodinium blooms were prevalent
in 2007. As expected, a high distribution of Nematodinium cysts was shown
only in some stations of the coastal arecas where blooms occurred last year
(10-15 cysts/10 g sediments in wet weight) and in stations where a physical
accumulation was possible (98 cysts/10 g sediments), while the other
stations showed just a trace of their distribution (0-2 cysts/10 g sediments).
On the other hand, from their feature that the cyst population germinates
under favorable environmental conditions, it was estimated that their
densely-populated regions took the role of point sources of recurrent bloom

initiation in the shallow coastal areas.

(3) An investigation of regional cyst potential by using real-time PCR
method

C. polyrkikoides was detected in sediment samples from the coast of
Southern Sea. Of total sediment samples, Jaran Bay samples were positive
for C. polykrikoides continually(~2010), other location samples were detected.
The abundances of these species in the coast of Jaran Bay were relatively
higher than other location (100 rDNA copies for C. polykrikoides per cm® of
wet sediment obtained from top layer of centrifuged 30 g of sediment). C.
polykrikoides was detected from the coasts of Saryangdo, Yeosu, Wando,
Mijo-myeon, Tongyeong, Yokji-do from 10 to 30 rDNA copies per cm’ of
wet sediment. As a result, the detection of resting cysts of C. polykrikoides
from samples in the sediment by real-time PCR can be used to clarify the
potential of red tide breakout and to predict the occurrence of resting cysts
of C. polykrikoides in the water mass. It can be used in locating regions
liable to the red tide outbreak and in establishing a device to minimize the

harm of the red tide.

3. An Interpretation on the occurrence and the ecological environment of a
regional population of C. polykrikoides
(1) An periodic investigation on strains of Jaran Bay, Yokji-do,
Saryang-do and Mijo-myeon

Physico-chemical and biological factors were investigated on seawater and
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sediment samples in the areas of Jaran Bay, Yokji-do, Mijo-myeon, and
Saryang-do, that is, major regions where C. polykrikoides occurred from 2009
through 2011.

Around Jaran Bay from May through September, water temperature was
16.88~31.05C at the surface and 14.65~2590C at the bottom, salinity was
20.35~34.94 psu at the surface and 30.10~35.02 psu at the bottom, and
dissolved oxygen was 4.00~10.76 mg/L at the surface and 0.79 ~8.10 mg/L at
the bottom. DIN (dissolved inorganic nitrogen) was in the range of 0.08 ~
268 uM at the surface and 0.03~7.84 yM at the bottom, and DON
(dissolved organic nitrogen) was 0.21~2.80 yM at the surface and 0.05~1.64
uM at the bottom. DIN and DON accounted for fifty percent of DTN
(dissolved total nitrogen) at the surface, respectively and DIN accounted for
sixty five percent of DTN at the bottom. DIP (dissolved inorganic
phosphorus) was 0.09~1.62 yM at surface and 0.02~1.81 yM at the bottom,
and DOP (dissolved organic phosphorus) was in the range of 0.03~0.56 yM
at the surface and in the range of 0.03~052 yM at the bottom. DIP
accounted for seventy percent of DTP (dissolved total phosphorus) at the
surface and for sixty five percent at the bottom. DSi (dissolved silicon) was
in the range of 0.13~13.51 yM at the surface and in the range of 1.15~12.98
uM at the bottom.

As for the species composition and standing crops of phytoplankton, 35
species of dinoflagellates (300~27,000 cells/L) and 36 species (2,100~
2,000,000 cells/L) were observed among 71 species of phytoplankton, and
their standing crops increased with the lapse of time from spring to
summer. The diatom Chaetoceros sp. was a dominant species in the period of
investigation. C. polykrikoides tended to increase correspondingly with the
increase of diatoms at the early observation, but did not develop to the
point of blooms under the influence of dominant diatoms.

In Saryang-do from July through August of 2010 and 2011, water
temperature was in the range of 23.56~25.24°C at the surface and 18.85~
20.51C at the bottom. Salinity was 31.58 ~34.23 psu at the surface and 32.21
~34.34 psu at the bottom. DO was in the range of 6.73~7.49 mg/L at the

surface and in the range of 4.18~6.51 mg/L. As for the species composition
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and standing crops, 14 species of dinoflagellates (400~3,400 cells/L) and 28
species of diatoms (8,000~459,350 cells/L) were observed among 42 species
of phytoplankton. The diatom Pseudo-nitzschin pungens was dominant species.
Germinants of C. polykrikoides were observed to be with a concentration of 45
~155 cells/L at the investigation on July 21, and did not develop into a
mass occurrence.

In Mijo-myeon in July and August, 2011, water temperature was 22.73 ~
2580C at the surface and 17.29~24.41C at the bottom, salinity was 27.79 ~
33.44 psu at the surface and 32.38~34.93 psu at the bottom, and dissolved
oxygen was 4.52~6.86 mg/L at the surface and 1.45~516 mg/L at the
bottom. DIN was in the range of 0.87~1.97 yM at the surface and in the
range of 0.85~1.95 yM at the bottom. DON was in the range of 0.04~0.66
uM at the surface and in the range of 0.12~1.59 yM at the bottom. DON
accounted for twenty percent of DTN at the surface and for about 30
percent of DTN. DIP was in the range of 0.01~0.53 yM at the surface and
in the range of 0.06~0.69 yM at the bottom, and DOP was 0.03~0.38 yM
at the surface and 0.08~0.38 yM at the bottom. DOP accounted for fifty
percent of DTP. DSi was in the range of 0.54~10.63 yM at the surface and
in the range of 1.35~9.24 yM at the bottom.

Among 52 species of phytoplankton, 22 species of dinoflagellates marked
a difference in standing crops of 310~6,500 cells/L, and 30 species of
diatoms were observed in standing crops of 67,050 ~100400 cells/L. After
the diatom Asterionella glacialis became dominant, there was species
succession into  Chaetoceros  pseudocurvisetus and — Skeletonema  costatum.
Germinants of C. polykrikoides were found to be at 20~200 cells/L on July
26, and at 5~42 cells/L on August 24.

In Yokji-do from July through August, 2011, water temperature was
2273~25807TC at the surface and 17.29~24.417C at the bottom. Salinity was
2779~3344 psu at the surface and 32.38~34.93 psu at the bottom, and
dissoved oxygen was 4.52~6.86 mg/L at the surface and 1.45~5.16 mg/L at
the bottom. DIN was 0.31~1.98 yM at the surface and 0.824~1.97 yM at
the bottom, and DON was 0.04~0.66 yM at the surface and 0.12~0.74 yM
at the bottom, accounting for thirty percent and thirty five percent of DTN,
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respectively. DIP was in the range of 0.00~0.32 yM at the surface and in
the range of 0.01~0.38 yM at the bottom, and DOP was 0.03~0.44 yM at
the surface and 0.03~0.38 yM at the bottom, accounting for fifty percent
and forty percent of DTP, respectively.

12 species of dinoflagellates (1,500~10,000 cells/L) and 27 species of
diatoms (21,900~613,200 cells/L) were observed among 39 species of
phytoplankton. Just like in Mijo-myeon, A. glacialis was dominant, being
followed by C. pseudocurvisetus and S. costatum. Some germinants of C.
polykrikoides were traced on July 26 and August 24, but did not develop

into a red tide outbreak.

(2) A concentrative investigation on fixed stations in Jaran Bay

During the concentrative investigation, germinants started to be detected
in June, 2010 and 2011, distributing evenly in the seawater on the surface
and at the bottom. Mostly, they occurred first at the bottom, and later the
number of germinants tended to increase at the surface. This change can be
understood as a response of germinants to the change of conditions in
diverse environments such as water temperature. In 2011, there was no
detection of resting cysts at the bottom, but Jaran Bay could be determined
to be a habitual region of C. polykrikoides occurrence, as its germinants were

detected in the seawater.

(3) A correlation in the occurrences of germinants of Cochlodinium
polykrikoides and Nematodinium sp.

Through periodic and concentrative investigation, germinants of C.
polykrikoides and Nematodinium sp. were found to appear almost at the same
time. In the investigation of the occurrence of germinants of C. polykrikoides
and Nematodinium sp. from May 29 through August 17, 2010, Nematodinium
sp. appeared to be with a concentration of 14 cells/L and 7 cells/L at the
station 4 and 7 on June 13, respectively, and was followed by the occurrence
of C. polykrikoides on June 16. At that time, Nematodinium sp. showed a high
concentration of 45 cells/L at the station 4 and of 54 cells/L at the station

7. In the investigation from May 14 through August 3, 2011, the occurrence
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of germinants of C. polykrikoides and Nematodinium sp. was found to show a
tendency similar to that in 2010, and germinants of C. polykrikoides were
detected two or three days after the discovery of germinants of Nematodinium
sp. As Nematodinium sp. and C. polykrikoides occurred on the spot almost at
the same time, showing a tendency of occurrence similar to each other, they
can be considered to play a role of an indicator species of initial
development to each other, and they can be used in monitoring the initial
development of C. polykrikoides in some specific sea area on the basis of the

consideration.

4. A detection of growth conditions, and growth promoting or inhibition
components for harmful algae
(1) An Identification of growth environment and physiological
characteristics of Cochlodinium polykrikoides

To understand the physiological characteristics of harmful dinoflagellate C.
polykrikoides, we investigated the effects of water temperature, salinity, light
and nutrients on its growth, using strains isolated from the coastal area of
Korea.

As for the effect of water temperature and salinity on the growth of C.
polykrikoides, the cell growth was not observed at a salinity of 15 psu and 20
psu at a temperature of 15C, but other experimental groups grew. The
maximum growth rate (0.35 day"') was obtained at 25C and at a salinity of
30 psu. The growth rate of C. polykrikoides depended conspicuously on the
change of salinity rather than on that of water temperature, and the
optimum salinity of C. polykrikoides was a little higher than that of other red
tide species in Korea. In the light experiment, C. polykrikoides did not grow
at 10 ymol m?s” and its cell growth was observed at irradiance values of 25
pmol m™s™ and above. The irradiance-growth curve was described as p= 0.30
(I-15.27)/ (1+27.22), (r=0.99). This suggests a compensation PFD of 15.27 ymol
m?”’ and a maximum growth rate of 030 day’. In conclusion, C.
polykrikoides preferred a high salinity, temperature and irradiance in the
summer of Korea. This result provided important information for

understanding the mechanism of C. polykrikoides blooms and for developing
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the technology to predict the blooms of this organism in the field.

To wunderstand the affinity of C. polykrikoides to nutrients, we
experimented on its uptake kinetics of DIP (dissolved inorganic phosphorus),
one of typical limiting nutrients in the coastal area. Its uptake rate increased
correspondingly on the increase in the concentration of DIP up to 10 uM,
but showed no more difference at a higher concentration than 10 yM. The
Michaelis-Menten’s equation showed a high determination coefficient, r =
0.90. At that time, the maximum uptake rate (pmax) was 0.80 pmol cell'hr”
and half-saturation concentration (Ks) for DIP was 1.87 yM. In the present
study, the Ks value of C. polykrikoides was lower than that of Gymnodinium
catenatum and Alexandrium tamarense, but it was higher than that of the
diatom Skeletonema costatum. This result suggested that C. polykrikoides was
disadvantaged in competition with the diatom Skeletonema costatum in an
environment of inorganic nutrients. Phytoplankton with a high pmax could
survive by storing nutrients in the cell even though the high Ks was quite
disadvantaged in competition. The maximum specific uptake rate (Vmax; p
max/Qo) of C. polykrikoides was estimated to be 51.9 day”. This value was
high, compared to those reported on other species. The Vmax/Ks was
calculated to be 27.7, which was similar to that of A. famarense. This
indicated that C. polykrikoides was a poor competitor in terms of utilizing
inorganic nutrients, compared to the dominant diatom in the coastal area of
Korea.

C. polykrikoides maintained its growth utilizing DOP (dissolved inorganic
phosphorus) compounds, which had as various molecular weights and
structures as DIP. The growth rate of PME (phosphomonester) was observed
to be 0.13~0.19 day”, which was correspondent to 92+12% in comparison
with that of Ortho-P (orthophosphate). As for DOP compounds in the
nucleotide such as AMP (adenosine 5-monophosphate), ADP (adenosine
5-diphosphate) and ATP (adenosine 5-triphosphate), their growth rate was
similar to that of Ortho-P. Thus, C. polykrikoides might grow, utilizing DOP
compounds under DIP-limited conditions. In other word, the DIP-limited
condition would give a favorable influence on the growth of C. polykrikoides.

In  Alkaline phosphatase (APase) activity, which hydrolyzes
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phosphomonoesters in the surrounding water, the APase of C. polykrikoides
increased with its cell growth, while DIP concentration decreased in the
culture fluid. Its APase reached a maximum of activity at the stationary
phase of cell growth. The APase activity of C. polykrikoides was first detected
when the DIP concentration decreased to 0.83 pM (day 11). The APase
reached a maximum of 0.70 pmol cell'hr’ in the stationary phase. DIP
concentration with the first induction of the APase activity was considerably
higher than that in Jaran Bay. Therefore, organic nutrients such as DOP may
be wuseful for the survival, cell division and species competition of C.

polykrikoides.

(2) Separation and physiology and ecological characteristics of algicidal
viruses

Most of viral particles were presumably bacteriophages infecting marine
germs, but viruses infecting algae have also been reported. In this study, a
virus screening was done by the microplate MPN (The Most Probable
Number) method on 022 um filtered seawater samples from each sampling
site. As a result, Heferocapsa pygmaea infecting virus (HpygDNAVO01) was
detected to infect and lyse the dinoflagellate Heterocapsa pygmaea and
Prorocentrum minimum. A further discovery of viruses infecting other harmful
algae including C. polykrikoides would make it possible to restrain harmful

algal blooms on the basis of this study.

5. The establishment of a model for mitigation and prediction of harmful
algal blooms
(1) An physical investigation and the establishment of a hydrodynamic
model
Tidal currents flowed to northwest at the maximum flood in the spring
tide, and to southeast at the maximum ebb in the spring tide. Neap tidal
currents showed a similar distribution in the maximum flood and the
maximum ebb to that in the spring tide, but the speed decreased compared
to that in the spring tide. As for the distribution of the tide-induced residual

current, the flow to southeast was found to be mostly prevalent.
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(2) Particle Tracking Model

The movement of harmful algal blooms was detected with the particle
tracking model wusing a hydrodynamic model and Lagrangian method.
Currents with four tidal components, that is, M2, 52, K1, O1, were calculated
with the help of POM (Princeton Ocean Model) in the coastal area of
Tongyeong and Namhae. A particle tracking model was utilized to
understand the spatial distribution of harmful algal blooms with the lapse of
time in the case of their occurring in Jaran Bay, the sea off Mijo-myeon and
the west of Yokji-do, and also in the case of the simultaneous occurrence at
the three areas.

Harmful algal blooms in Jaran Bay could distribute 78 percent of harmful
algal particles two days after their occurrence, and spread to the southern
water of Namhae and Yokji-do with the lapse of four days. With the lapse
of six days, they spread to a faraway sea of Yokji-do and turned to east
slowly. In the case of harmful algal blooms in the sea off Mijo-myeon, they
distributed mostly in the south and the west of Namhae-do until the lapse
of four days, but they spread to the outer waters largely five days later.
Eight days later, they distributed largely in the south water of Namhae-do
again and proceeded to north through the west channel of Namhae-do. Ten
days later, harmful bloom particles flew into Jinhae Bay after proceeding to

north through the west channel of Namhae-do.

6. An evaluation of field restraint on HABs seed potential and
examination about the possibility of mitigating the initial germinant
population
(1) An investigation of the mitigation efficiency of loess spreading on
vegetative cells of Cochlodinium polykrikoides

As there was no outbreak of C. polykrikoides blooms on the spot during the
research, the mitigation efficiency of loess spreading was investigated in the
indoor experiment. With the vegetative cells of C. polykrikoides being with a
concentration of 1,000 cells/mlL, 2,000 cells/mL and 5,000 cells/mL, and loess
being spread in the range of 0~10,000 ppm, the chlorophyll a of experimental
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groups were measured one day after the spread of loess, being compared to
that of control groups. As a result, the mitigation efficiency was the highest on
vegetative cells of C. polykrikoides with a concentration of 2,000 cells/mL and
10,000 ppm of loess. The efficiency should be identified in mass culture

condition with the installation of mesocosm on the basis of this experiment.

(2) An investigation of the effect of loess spreading in microcosm
experiments

Microcosm experiments were done on sterilized sediment and f/2 culture
medium in cell culture flask in order to investigate the ability of restraining
the formation of resting cysts. Loess was spread with a concentration of
10,000 ppm over C. polykrikoides cultured at 5,000 cells/mL, and real-time
PCR was adopted to detect vegetative cells and resting cysts. As a result, C.
polykrikoides was not detected in the sediment before the spread of loess.
One hour after the spread of loess, the value of C. polykrikoides were similar
at the surface and bottom. However, the value of C. polykrikoides was found
to increase in the middle of water, and to tend to decrease at the bottom. It
was found that the cells did not undergo a cell destruction and C.
polykrikoides having the ability of swimming rose from the bottom to the
surface, while the spread of loess was settling a physical coagulation of
vegetative cells at the bottom. C. polykrikoides being detected in the sediment
ten days later were determined to be temporary cysts. Therefore, a long-term
field investigation was expected to be adopted on the field of the red tide

potential using real-time PCR.
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z2 e Qs HT FAEFey Bty SwHo AF(%
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Tl SA7FAL v

e

%Eg TP AZTARAL AAHCE 7PF B Adv A ¥ES
5, 19%; = &, 1998, 7, 2000; #} 5, 2002).
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1 =7t 8k, dsidgat o] U =7 U2 XAz vid dAs
o] RuE 3 th(Lee at. al., 1999; Jung et al, 1999; Kim et al., 1999).
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9] o] (Fraga et al, 1988), o4 7%} 37 x4 sl A= AF EHH
oA Pyrodinium bahamense2] HZ WA (Maclean, 1989), 53 Z2 thersh
Azl 9910 ANHL Yok B4 Za0] ne} F72) o] F (Frank and

Anderson, 1992), HzAEF metd= F T wE HY dY
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T

= R EW) kol

l

Aol #AGlel 23T FItl A 7H¢ B2 hyaline AE7} 3

JFgol F7tE SWII F7tel Hl3) 23C
154 ©]/d2] hyaline AlXE7} FAE AT Hyaline AlX el FA4L dHz=
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a9 6. C. polykrikoides Wik dd-& Sste] #2H 14 cells Fe)E 717 hyaline
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(b, d).
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(th) AEAte] dFE-E2 2 24 Hyaline AlZ 9] 54

O Hyaline AIXE I3 9elAst Zo] FYANER AEHste Feol FAFHA

o ag 9olAE 2709 MEZ olojR AAe] AgolE BEMES Fol

hyaline M|ZoA JAAETZ AZA3E AL AQEx] gokor) 27 99 B
4l 7

AN = 470 AxE
AEZE AEdHS
O o9 AFE AYHMEZEE FAHE hyaline AXTE 53 fH 93|
FAAILE AEFAFS HY, hyaline H|E= C polykrikoidese] BEAL2
3 I o 7 Fo=Eo)

a9 9, YN EZHE 4 hyaline Alxe] JIAEEZ AEHst= AAA, hyaline
F9) GUAMER AEH HA; B, hyaline A%rt 2Hzhe] Aws FeHE 3.

t}t. Cochlodinium polykrikoides WA X XFO 7MW Nemnatodinium sp.o] @&
A As A

C. polykrikoides®] AEAL AT F 1z W= BIE C. polykrikoides 2]
X Al A ESA £44 ot C polykrzkozdesﬂ FH XA obd
Nematodinium sp.9] FH XA Aoz v Y. a8yt C. polykrikoides S}
Nematodinium sp.©] BE A FAHIT EA sigle] fAFo] grex T& A
£ s, C polykrikoidesell <3t FafHzx WY ABFOZA Y 7t
d
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(1) Nematodinium sp. FAEXA}S] o}l A

1 <

Nematodinium sp. &

O ZAF A7) 2009d 59 ~ 2009d 7€

O 2009 A 77 1194 AH

F o

=)

H & n 7 (Olympus IX70)7} SEMS o]-&&te] 73

A} dkoln % (A) Nematodinium sp. €

Mg Frax
wee gAd=2 Ao QW Nematodinium sp.7} 4

3

&

fu
il

)

[
23]
__o_H

R

a3 13 2o doldl= ¥

T 20~30 ymo] Z7|Yh Hoz Ml o oA E(2 Y 12)2

ﬁo
A
B

Ao}
tach 2 23 O3 149 2

=)

FHE

L] STt

£ 79 olFo] of

Nematodinium  sp.

ol A

&

I SEM& ©]

171 918

23

w

]

S

o ApA]

=
=

T AAH.

s

dholF(archeopyle)= 23 159} Zo]

)
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a3 12, gFe we) B Ao e wolAl.

19 13 wolAle] wgl 7y,
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»1.5k BB ZOkKY

x1.5k 8861

19 14. Nematodinium sp. F A X A2} Wol A 2] SEM AlAl.

19 15, wrol F o] ZEJE "ol (archcopyle)d) EX}H.
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(2) Cochlodinium polykrikoides®] &@ X% F Nematodinium sp.o] ERA 54

AT AT g Al Nematodinium sp.o] FHAIAES 541, o
g EUE FHEAY 22, JIYAZY e 2 Fdol B3 A7 E FYs
v k. B AFo A= Nematodinium sp.o] A3 AZHAZS Hofstr

hH A 2 By

O Nematodinium sp.= E}7}3 % (heterotrophic) e & el A da, A
Zo WYgHE SHEA e Aol Ut weEkA] EAA E A ?i:rL% -
Yat7] fste] 2 dATFEL Add At FHEAE £t single
cell PCRE F3 5F % DNARREH HVAdE HEE ARSI E 21753
g TRt

O Nematodinium sp.9] single cell PCRE F33s}7] ¢t A 14 Azt
Tk Aol A 2~38e AAS APSAT. MY AFAAEE W5/ FAER
/Sodium  polytungstate(SPT) <] H| E31 & o] &3} U u)d A
(SPT-density gradient centrifugation method)& |83}y JHEZF F
AExAE 2ttt ol8A 28d s AR =

A capillary pipetteg ©|-&3}o] Nematodinium sp.2] FHIER 7 AEXE &
gotAr 23 44 FAHIAZRREH FUIAEE ZASEA

O Nematodinium sp.] FHIEXE mlo|Z2HH €& T 755 5 s
A3 00T 587 FY F PCRe| o] &3ttt PCRE 285 rDNA D1,
D39 94 EACR e primer(E 1)E AZste] F3stYth. PCR 4L
Z7] 94C 5%, 253] HkE wk8(94°C 30 secs, 55T 1min, 72°C 1min)%,
Z 72ColA 787 vb-gAIHT. PCR 42HE2 direct sequencingste] 714 <&
< AT

% 1. Nematodinium sp.2] single cell PCRo|| ©]€3F DNA primer

Primer 53
DIR ACCCGCTGAATTTAAGCATA
D3B TCGGAGGGAACCAGCTACTA
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O Nematodinium sp.9] EAAFHAE 2ste, AEU H o] B | o] 2(NCBI)
| A" SGHEZFO d7IAE HEE &Ll 2AAFTS FASAT.
EXA e 42 ClustalX 2.0.12E o]-83}¢] NJ(neighbor joining) =S
2 39

=
O EAAFNAS A= 29 163 o] Urhth B AFdA FALR
Nematodinium sp.(L¥ 16014 3dEE FAIE FE)= ASHA

Z Z 100% YRste= 2L g 71 249 A dv 22L& Warnowia
sp.&} Nematodinium sp. ?_1 Ao 2 el Warnowia sp., Nematodinium sp.
ot 2o #BAC Yt F& Codidodinium cof. geminatum} Dissodinium
pseudolunulaFth. o5 IEL Gymnodinium nolleris} 7 5 L3 cladeol] A
38 33, Prorocentrum, Lepidodinium 59 253 39 cladeo| A £3}3F

Ao & e

O B AT A FAE Nematodinium sp.©] 285 rDNA D1-D3 9 H¢ 47
Age 7] Bug® Warnowia sp.$¢ Nematodinium sp.] |7|Ag3 vwdh
A3}, Nematodinium sp. BTt Warnowia sp.9} AEAlo] =& Ao=w FA}
HAT ols TS FHAHLEZE W fFASHY B AT Aol Ao ol
FRAeR dF xolE Hld wet FF AT FHE, BEAAETEH oA
TE % BH3 T ERVF 28T A
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% 16. 285 rDNA D1-D32¢] 71442 0] 83 BEAAEL.
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2. Cochlodinium polykrikoides ‘&4 2 X &(
E AW fY ol Hg

ot

HEAN) o

7} &4

Hd

R

ol

(1) Direct counting®H(SPTH) % Real-time PCR

(7} Direct counting®i

O AE = uy
O B ATONAE 20099 547 H 747 Az AERAAL et FH-
a4 AT AR, AIEE)S F4Aoz o

polikrikoides©] FHEX FAEHo] =™ FHLE AHAA 1
Atk AFHF AlEe BN AL (SF 10C)EHst] AdFHAE st
=/ FHEAL/Sodium polytungstate (SPT)e] H|FAE o] &3 UE
A AW (SPT-density gradient centrifugation method; Bolch, 1997)& ©]-8-3}

C. polikrikoides FHEX 2] A+HS AT
O FHEX Ead HFsE AxE golhflr] #18] SPT Solutiond] EEE
12, 1.3, 159 A 7§ AFFL 2 pFo] FH3 =25kt

%
ﬂi

O SPT Solution treatment (13 18)
() A2 A (Sediment seiving)(ZL¥H 17)
(L) SPT A g
© 94EE (1,600g x 10 min)
® FHER 3
(m #F8t dAnjFo g HAH A4 (Direct counting)

O Primuline ¥3% <A2Y (Primuline-staining method; Yamaguchi et al.,

1995)

_23_



a9 17 A2 dAAe] A4,

29 18. SPT (Sodium Polytungstate) Solutions ©]-8-3F C. polikrikoides 7 A}9]

] ey,

OB dFJdgAE 20093 39 AFHAFF JR DI 64 JR
7ol B X 3st= C. polikrikoides?] FHERIS] HAEHS SPT DEE ¢}
2A HE&3 zZARIGTH ARl HEEFO] FHEAY HFL of 13
g/em?® Q1 Z1o 2 B Fo| glti(Anderson and Lively, 1985; Bolch, 1997). <}
AEZFO FAZAE 22s 27 dx7F 12 ¢ 1520 Ad@FolA B} 1.3
ol AP FAA C. polikrikoides FHEXE E3=d 7FF 43 I
2 JESTHE 2). o]F ZAAE SPT €89 "EE 136 mt3o] AAs}
9.
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¥ 2. U= SPT Solution -8 A& (Triplicate)

St. no Density Direct counting no.
1.2 0
20094 03¢ 11<¢ JR DI 1.3 25+2
1.5 18£1
1.2 0
20099 06¢¥ 25¢ JR 7 1.3 14£1.5
1.5 6+0.5

O SPTHS o]&3dtd 2 ) <t
F JE FUEAES 28 199 YIS (a) AA AEE SPTAZ £
AR st BE Flojth. (b)(0)E 199749 99 ALEFE AZo)A AT A
Z 48 T4 HA AgeA 3 FHER} 2] AZE AN FA
® C. polikrikoides2] 2 cells (b), 3 cells (c) hyaline cyste] Fejel FASE A
B 2 o9tk (d)E 20099 79 Agre] A A AFoA] wAE 3 cells FEjZ
vk-8-3te] C. polykrikoides©] hyaline cyst2 FAHEE= FEES #ETE & AN
o},

1448 pekal

rd'
"
)
=4
X
il
kel
i
e
EO

78 19. SPTH-E o]&- 6}&1 A A A 7ol A
w7 AR el 1)l B e

oﬁ L e

w Wg ¥ahe]
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(1}) Real-time PCR¥

b FEAE A2

O B AFdi tadFoez slu e 54 dHRZEFY C polykrikoides=
ARl AEE 28T B¢, AERY &40 FHFHA S48 ¢ + ¢l
= FHz=E HIEY i duE A Aol A3 AFS FFo|l EVsd
A& MAsH] AsiA @A B2 SFARE §518 BHste £ 5o
Z <l DNA probeZE ©]&3F EXAESHH EXM(real-time PCRYH)S Ao
2 Agg Fo AEH AHFgd FHE FAUT B AT ol&d
real-time PCR¥-S ] PCR F7|7} dtEEHSE ZZ 5= DNAY ko] To}

A AL AATeRE FAF o™ 20). DNAS &3 d3 =22 Al
717} B8l =& probes}t FFEZAL HL&te YYE o] &5FYT) real-time
PCRe] AT W= o8 7HA|7F A=H £ A= Tag-man probeE 7]%
2 o= %“%‘3% g A5 Ikt Tag-man probes 5 BT FFE
A (FAM)2 3Ze& quencher 52 (TAMRA) 2 o|Fo]# gt} TagMan
probe(Z 8 21)= annealing stepol 4] template DNA9] Eo]Z 22 hybridize
82 gk probe’doll quencherol] ojaf & @kafo] oA Er}t. Extension ¥H3-A|d]
Taq DNA polymeraseo] 2zt= 5—3 exonuclease A4S 2 templated]
hybridizedt TagMan probe7} &&= o] FFWAT}F probeo A F7] = HA
quencherol] &% oA 7} AlE FHAFE VERfes HdHE 0|85k
real-time PCR¥ el 283131}
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18 20. Real-time PCR2] 914,

2% 21. Tag-man probe2] <1z].
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O C. polykrikoides®] d2F EH& 245t 9 FHAFT T So)4E& Ho
= elo] & 0|42l DNA probe(4 874 B3N8 HAASAT. DA
probe= FAFS(Gymnodinium impudicum)@Fe] HAEE AR F Solxoz
WA E AFstr dE AE 2 AYEE A4FA dddA H2ESUTH
AP H2EZE 2 probes @ AR AR HEESY R4S &<l
S & Pty or AHAA AHA My EFAIEE probeE ©]-85t
A5k
() wjFs EHE

vl == CCMP(Provsoli-Guillard National Center for Culture of Marine

Phytoplankton), NFRDI(= ¥ 4=

L FY A=

A7

Real-time PCR 2A<& 93 &%
S Yo r ABE QAT H

AT )l A AFEAY 22l sk,

=
aL =

o 2L o7 A

A B

22).

oleje] A=

l

South Korea

I WP s o M T e
b s P - [ 3|
- PN
1 wxf. 0_63 E o % W)
@ @ﬁgjﬁoqd
Gaedo
®6 04
5 (3
ﬁ Z\f“ ®5 {; ®3 10 km
O 22, A4 qE sample A AF X, 2009 Gaedo.
© DNA &
A4 259 DNAE FE3s}7] 98] PCIEE ©]43191, ¥ DNAE=
20Co) H#sFe] real-time PCR £ o]-& % ¢th
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® ITS2 region rDNA Tag-man probe TJ=}<]

B Ao o]lgH FQ EX gene regiond 7|ZE 3] C. polykrikoidesl)
ooz ur3dte FHEE FHA probe (Tag-man probe)ES Tz}
polykrikoidesel] W&+ F 5Fo]3& st

=
C.

1% 23. Real-rime PCR ## A} probe 7l ite]] o]-8-3F F2A W] HAL.

(@) Real-time PCR
Real-time PCR& 1 mL of template DNA, primers ¢} probe 0.2 and

015 uM, 5 ul of platinum quantitative PCR supermix-UDG (Invitrogen,
Eugene, OR, USA) and PCR grade water Z final volume2 10ulLZ 3}
e ahsloh
PCR 272 28 4] 50T, 28l 4 95°C, 18] 2 45 cycle 2] 10Z 9| A 95, 4539
A 60T AT AL

Australia)-& AH-&-3l T}

Rotor-Gene 6000 instrument (Corbett Research, Sydney,
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% 3. Real-time PCRS #3t & 5|3 Primere} probe
Forward
/
/
Dinoflagellate | Reverse Code Sequence(5’—3’) Reference
/
/
Probe
Forward | CPITSF CGGCAACCTTTGTCAAACA
o GGTTTGCTGATCTAACTTCATG .
Cochlodinium | Reverse | CPITSR2 TCT This
Iykrikoid
poyRrorges FAM-CAACCGTGATACCCGCTA | S
Probe CPITSP
GCTTTGC-TAMRA
Forward | GITSF GAGTGCTTGTGCCTCAGGAT
Gymnodinium | Reverse | GIITSR CGCTTAGCCAGTTGGTTGAC This
impudicum FAM-CCTCAGGAGCGCCTCGAG study
Probe GITSP
AACA-TAMRA
Forward | CBITSF | TTGACACGTTGAAGTGAWGGA
Cryptoperidini ACAGCCAATGAAAGAGTKATG Park et
. | Reverse | CBITSR
opsis brodyi ACAA al., 2007
FAM-CATCTCATCGCTCGCCGT
Probe CBITSP
CGAT-TAMRA
(1) Standard curve A%}t
FUAME AL 93] Standard curveE A FsAUTE. PCRES E3 C
polykrikoides®] tDNAY S-S FZ3 & AEES 0|83t conings A5t

colonyE £33l & plasmld%

o

=

fu

ALE3e] DNAES
°o]-&
A7RE S

3 =

_30_

v k3t 1, B E plasmide purification kit
HAEte] do]A plasmid DNAE

3}o] standard curveE A|Z}stH Il standard curves
FAEZ Mgk vl aEA st

a9
L




kel

4. AT

z59] SSU, ITSI1, 5.85, and ITS2 rDNA @74 E ZFZ o] o]-& % primer

Primer Forwaed/ Ampification/ Sequence (5'—3") Reference
reverse sequence
DINO18SF1 Forward Amplification AAGGGTTGTGTTYATTAGNTACARAAC Lin et al. (2006a,b)
18ScomR1 Reverse Amplification CACCTACGGAAACCTTGTTACGAC Lin et al. (2006a,b)
DINO1706F Forward Ampification CCGATTGAGTGNTHCGGTGAA This study
G17F Forward Sequence ATACCGTCCTAGTCTTAACC Litaker et al. (2003)
G23R Reverse Sequence TTCAGCCTTGCGACCATAC Litaker et al. (2003)
ITSF Forward Amplification GTCGTAACAAGGTTTCCGTAGG This study
ITSR Reverse Amplification CCCTGTTCATTCGCCATTAC This study
ITSCPF1 Forward Sequence ACTTGCAGCGACGGATGTC This study
ITSCPR2 Reverse Sequence AGACATCCGTCGCTGCAAG This study
ITSGIF Forward Sequence CGGTTCGATCAACGATGAAG This study
ITSGIR Reverse Sequence GCGTGCTTTCAGGGATGTC This study
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=

® A% 2 12

A

O Melting curve 2A1(2 7 24)8 &3l DINO18SF1 and 18ScomR1 primer
o ] 280 cloneso] A=A, 3FF 4HAA 2 GHARZEF F FHo
7Hs 3 H %tk DINO18SF1 and 18ScomR12 117 bpE FZ3}17] YRR H
o] Melting curve= Z 280 clonesoll A 79.91C ¢} 81.73CollA peakE H It}
(X 5).
O Tag-man probeE ©]-£3}<] real -time PCR ¥ Eo|Ad& AF3 A3
25), 58 Fol 3t A7 Bl primers} probe”} cross-reactivity HAE
I primer set= EX Fol tisix Az drIAEdd sigEH= FFA
(amplicon)o] A =3}t Real-time PCR A #S ¢13F Standard curved] A
C. polykrikoidesS} G. impudicum A)3XE2] genomic DNAS] Standard curve
A%<l 108 HeR FHe, Cigre 7] ATel loggre 2w
AERom, BE Aeold A BARE Wee] BE T AEFRT B
Al vebgt). Standard curveo] FHSo 3 HI == Standard curve} H|n
3t C. polykrikoides 9} G. impudicum X2l &#H 7 3ke] DNA FZ9 343}
DA 9ee BYthay 24). wed JEATES J|EE FE real -time
PCRYS skl tolrl FRZANE 44T & e BEHY By
o2 At Hrh

o

2o oy oY

nr rle

b2

rol o

N

% 5 oHEZHF DNASF Chimera 7|4 E2 melting temperature

) Number of Melting temperature®
Dinoflagellate (clone code) )
reaction Tmt T
C. polykrikoides (GD1589hp46) 4 83.75+0.02 81.73+0.02
Polykrikos sp. (GD1590bp2) 4 84.01+0.02 81.40+0.00
G. impudicum (GD1591bp4) 4 83.65+0.00 81.30+0.00
G. catenatum (GD1591bpl) 4 83.27+0.02
Gymnodinium sp. (GD1580hp9) 4 83.35+0.00
Gymnodinium sp. (GD1590bp57) 4 83.20£0.02
Unknown dinoflagellate
4 80.75+0.02
(GD1590bp26)
Unknown dinoflagellate
4 80.80+0.00
(GD1590bp27)
Chimera (GD159%0bpl4) 4 83.86+0.02 80.45+0.02
Alexandrium sp. (GD1590bp7) 4 79.97+0.02
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G. impud

icum (GD1591bp4) C. polykrikoides (GD1589bp46)

(a)SU G. catenatum
(GD1591bpl)~__-‘/ Chimera (GD1590bp14)
70 \ /
60 \/74\ Polykr:kos sp. (GD1590bp2)
/ \
%50 \A\\
540 , / \/ \\
30 /’ / A\
20 [/ / / \ \
f i |\ N\
: AR
0 i——_ \ /:‘ w2
81.2 8l.6 82 824 828 832 836 84 844 848 852 856 86
Temperature
Unknown dinoflagellates G. impudicum (GD1591bp4)
Chimera GD1590bp26, GD1590bp27
s (GDlsgobpM)( ¥ P ’ Pab»knkos sp. (GD1590bp2)
45| Alexandrium sp # C. polykrikoides
40 (GD]590bp7) < (GD1589bp46)
35
30 f
5 \ /
o 25
=
20
15 \
10 , /
" / " \L\\
0 / e
788 792 796 798 802 80.6 814 81.8 822 826 83
Temperature
(©)
70
60
50
; 40
<5
T 30
20
10
0 B
822 82.6 83 83.4 83.8 842 84.8 85.2 85.6 86
Temperature

a8 24, TG AR5

(@) 1.6 kb PCR products amplified by DINO18SF1 and 185comR1
(b) 117 bp PCR products amplified by DINO1706F and 18ScomR1
(c) Melting curves from PCR products of C. polykrikoides (TM

of mean standard
DINO18SF1 and 185comR1.

values

SSU rDNA melting curve.

deviation, 83.75 0.02)
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19 25. Tag-man probe & E-o|A Z

ol

(a) 32 “"f\\
\\"\
BN
“'\.\
= e
o 28 -
= "
T : i
7 e
o -
= >~
20 B
34 34 340 3400 34000

Number of C. polykrikoides cells

(b) 32 ~
\"‘
e
R,
o~ \
— .
& P
“ 8 o
= s
2y R
= : \\\
5 24
= R
g = ..!-.\.\\
Sy
ey
20 e
e
49.6 496 4960 49600 496000

Number of G. impudicum cells

19l 26. Real-time PCRo9)| #&-88 Standard -4 =4,
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(th FREA FPH

O AE 2 W

O C. polykrikoides] $87F SHe 2GS 9 HHAE F Sol4g Hol
£ geel F 5ol DNA probe(87 BEHE Tl shelch Tital
H probe= FAFE(Gymnodinium impudicum)Z}e] HAEE AX F 5ol
2 SR E HFsln HAE A 2 HEEE APA YolA H2ESHS
th 494 HZAEZ B pober @9 HARY H7 HrEs] A%
gt

A% F FTeAcke] ofel FPAM AWE HAFL probed ol §3hol 2
FREA RIS} WEFL F4s] FREA (s ol gt

5
:
!

eh W FF FH

C. polykrikoides®] ¥Wj%F= =4 5 wjgFE B sAY FdeolA
real-time PCR9] control® o] &3yt £ EF=
79 BHe B9 4274 54 F9 dAsan
@ 242 A7

Fa|Qtoll A C. polykrikoides2] F& HZ AR (7] HH) & FTAHASRE FH
HAES ARG rE HHEL Lafont grabe o] 83t A3 H 500 mL
ol 4T e 2ExA thg EX7HA] Bastith
& HAEZHEH 4HEZF DNA =

EHERRE JHRZE DNA 22 93 PCl 2HL Algslo *=
233
€ Real-time PCR 43

1 puL template DNA, primers ¢} probe (0.2¢} 0.15 pM), 5 pL platinum
quantitative PCR supermix-UDG (Invitrogen, Eugene, Oregon, USA), PCR
grade waterZ % volume 10 pL& ZFlth. PCR 27L& 28 A 50T, 2&
M 95T, 2 45 cyde & 102N 95T, 4524 60T. HAL
Rotor-Gene 6000 instrument (Corbett Research, Sydney, Australia)S A}-&
St
Standard curve Az}t

FHTER AHEFLS 8 Standard curveE A FEYUTE PCRE &3 C
polykrikoides2] rDNAY 9L FZ3t T AES o]43l cloningS AAIle] 5
2] colonyE EFF F  plasmidE wjSsHT. #SE plasmid=
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purification kitE A}&35le] DNAEZ EZ3 §& HAS] Aoz plasmid
DNAE AZ=H st o]E o]&35} standard curveE A Z3} 1 standard

curves Fw|Fo R HAH FHEA ot BlaE sttt

E 6. C. polykrikoides®] Plasmid DNA Standard curve A|Z}to]] o]-&3}

primer

Primer Forward/ Sequence( 5'— 3') Reference
name reverse

ITSF2 Forward TACGTCCCTGCCCTTTGTAC Litaker et al.(2003)
ITSR2 Reverse TCCCTGTTCATTCGCCATTAC

52 E25F PCR inhibitor A7
HHEZHE PCR inhibitor A|AZE 3| Cryptoperidiniopsis brodyi2] DNA
£ control2 sl AAAEE AP, HHFL real-time PCRE ALE-51
A4 54 FET AUSHAT
B D719 BAL E3 real-time PCR S0l #H=
FdukgS B9 PCRAHELS $E3 & clonings 3 0371/‘1
AAEH T Do 714 EBL Bayesian WH-E o83t ASH
o real-time PCR9] 5o|XE HE3HT)

mlo ne
Mo Ae
o
o o

@ 23 8 u&
A& C. polykrikoides -T%’—EH_\I_X}%‘E% Aeksly] 93te] Standard
curveE A ZstY Tt A2 Standard curve (2@ 27)= Plasmid DNA copy
Fo Ct 3to] M3 ABdAE veEWT. o]= Standard curve HZFAH 9 oF)
Hel QrellA] ¥k-g- & 100 plasmid DNA copy 8 AZE & F US+E B3
o Ad AEE B4 ol FMEHA @2 DNA FEE4 PCR
inhibition (PCR A& & )o] dojr} DNA dA<E7F 3]Ajo] Hl=A] S=ulg]ofo}
b AzbE
O Real-time PCR W& F3t f3vet slge] C. polykrikoides <+ G.
impudicum®] @A FHEA BX FYE AR 23" 28), C
polykrzkozdes = etz AgsSo gt @3 v G, impudicum & A
A9E ALt s A HellA 2@ o= Ve 79719 AF Als
Z 17~2070¢e] Al&olA  C. polykrikoides St G. impudicum ol ¥d¥H-$-S H
Hot. oo A= field sampled| A 2] 39%7} C. polykrikoides 9% G. impudicum
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o &4 ¥egE EAth oAF AH9 o F Fo HFg TEFS C
polykrikoides S} G. impudicum & A gt =AY HU} H& EXE HY
o G impudicume X7, EE, T4 A YA 240~1560 HL] rDNA
copies FZ YEMHT. C polykrikoides = A9 437] AF A 564,960
rDNA copies 2 VeI 7FE & X2 B9, G impudicum & A9
3670 A 8112 rDNA copiesZ e} 71F =& EXE H Yo

O Real-time PCR #4 ZAx& C. polykrikoides= ‘a‘ﬁﬁﬂ Ado] dutzo=g

Exam glom, BAd Asg B8 £2olH A2 E ARE 2o e
A Aut BX3 4SS Y, o= C polykrikoidese] X A F=
ol C. polykrikoides®] Z&A-L C. polykrikoides bloome] Z7] LA-S 93+ Kot
AT FHEA =@y FH3 BEo] gt waky FHIA} Fz 24
7 Fatell 710 ThsAdol AXHeEMN, BEAL AHE T3 AL 4
Z, FHEA AdH FAY Aol A GACNA olE AT & Ut 7]
=2 gyste Hl F48% 98 & FeE Hoxith
(A) o Slope (M): -3.283
5 Intercept (B): 39.329
g 30 o R?:0.998
< 28
Y =
E 26 e
2 24
[+¥] %
g 22
F
20 ol
102 10° 104 10° 106
Copy number of C. polykrikoides plasmid DNA
L 40[ = Slope (M): -4.926
—_ : |Intercept (B): 50.399
S 36 \R?: 0.992
s,
=] 4
&
= 28
7
= 24
H -~
20 =
102 103 104 10° 106

Copy number of G. impudicum plasmid DNA

a9 27, B AE J FH¥EAe] AEIE 98k Standard curve.

H
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a9 28 3k 39 sample] Real-time PCR-E 53+ C. polykrikoides <}

G. impudicum FHIER R &3}

1}. Direct counting®§oll 23 FHER X XA 99
(1) el sigE FHEAS £X FA}

ALZ direct counting WH S

m
=
£
@
©
i
e
PN

Nematodinium sp.&] FHE
ER=s

o] g3t A=A FHA

AR S gl MR AJA(RE(A), d5(B), FIl FF Al ml

p

~

i
g
i
B
ME
AU
o
o
o
1
)
e
H
o,
Q
=
3
]
g
<
S
lo
fru
s
>|l_'4
o,
H
i
e
2,
jh
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(A &%, B o]),

X
EH
;o_n

Y
Br

3

ol

1, D-2: 8-X1%).

3|

2

9, AA,
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£7. 233 917

A
3 o A% = W] 1
H3
WD. 0l | E126°57 7 277 | N 34° 227 26" | 2009.06.09
WD. 02 | E126°56 317 | N 34°23" 027 A
WD. 03 | E126° 56" 48" | N 34° 23" 34"
A WD. 04 | E126°57 " 27" | N 34° 23" 35"
WD. 05 | E126°577 027 | N 34°24" 317
WD. 06 | E126°56 30" | N34°24" 317
WD. 07 | E126° 547 59" | N 34° 23" 41"
YS. 01 | E127° 447 127 | N 34° 427 047 | 2009.06.02
YS. 02 | E127°397 417 | N 34° 43" 38" o
YS. 03 | E127°387 127 | N 34° 41" 51”7
GH. 04 | E127°30" 46" | N 34°35 " 17”7 1%
B GH. 05 | E127°29" 21" | N 34°34" 03"
GH. 06 | E127° 26" 38" | N 34° 33" 37"
GH. 07 | E127°29" 29" | N 34° 32" 09"
GH. 08 |E 127° 30" 35”7 N 34° 29" 53”7
YS. 09 |E 127° 37" 28”7 N 34° 34" 56"
YS. 10 |E 127° 427 177 N 34° 34" 56"
MJ. 01 | E128° 02" 36" | N 34° 43" 58”7 | 2009.05.02
MJ. 02 | E128° 03" 04" | N 34° 43" 547 ol
MJ. 03 | E128° 03" 45" | N 34° 43" 41”
MJ. 04 | E128° 02" 24" | N 34° 43" 37"
MJ. 05 | E128° 03" 027 | N 34°43 " 35”7
MJ. 06 | E128° 02" 38" | N 34° 43" 27"
MJ. 07 | E128° 02" 31" | N 34°43" 17"
MJ. 08 | E128° 02" 927 | N 34° 42" 56"
MJ. 09 | E128° 02" 58" | N 34° 43" 20"
c-1 MJ. 10 | E128° 03" 29" | N 34° 43" 20"
MJ. 11 | E128°03 " 40" | N 34° 42" 547
MJ. 12 | E128° 04" 05" | N 34° 42" 35"
MJ. 13 | E128° 03" 57" | N 34° 42" 29"
MJ. 14 | E128° 03" 39" | N 34° 42" 227
MJ. 15 | E128°03 7 16”7 | N 34° 42" 36"
MJ. 16 | E128° 03" 24" | N 34° 41" 59”7
MJ. 17 | E128° 03" 13" | N 34° 41" 59"
MJ. 18 | E128° 02" 46" | N 34° 42" 247
MJ. 19 | E128°01 " 51" | N 34° 42" 18"
MJ. 20 | E128° 01" 51" | N 34° 41" 58"
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ek
3 o A% = W] 1
He
Al E 128° 12" 30" N 34° 53" 08"~ 2009.03.11
A2 E 128° 137 19”7 N 34° 537 20”7 b iy
A3 E 128° 14" 09”7 N 34° 53" 09”7
A4 E 128° 157 07”7 N 34° 537 20”7
Ab E 128° 15" 52”7 N 34° 53" 11”7
B1 E 128° 127 247 N 34° 537 567
B2 E 128° 137 19”7 N 34° 53" 56”7
B3 E 128° 14" 15”7 N 34° 53" 56”7
B4 E 128° 157 07”7 N 34° 53" 56”7
B5 E 128° 15" 55”7 N 34° 53" 56”7
C1 E 128° 12" 34”7 N 34° 547 267
C_2 C2 E 128° 13" 19”7 N 34" 547 427
C3 E 128° 14" 08" N 34"54" 257
C4 E 128° 15" 07”7 N 34° 547 427
D1 E 128° 12" 327 N 34° 557 26”7
D2 E 128° 147 157 N 34° 557 26”7
D3 E 128° 15" 07" N 34° 557 26”7
E1l E 128° 12" 33”7 N 34° 557 37”7
E2 E 128° 13" 19”7 N 34° 56" 15”7
E3 E 128° 14" 11”7 N 34° 557 427
E4 E 128° 12" 33”7 N 34° 557 37”7
SR. 01 E 128° 13" 527 N 34° 517 007
SR. 02 E 128° 14" 11”7 N 34° 50" 34”7
SR. 03 E 128° 14" 28”7 N 34° 50" 217
AJ. 01 E 128° 27" 00" N 35°59" 04”7 2009.01.20
AJ. 02 E 128° 27" 35”7 N 35° 58" 34”7 st
AJ. 03 E 128° 26" 27”7 N 35° 577 39”7
AJ. 04 E 128° 27" 33”7 N 35° 56" 59”7
AJ. 05 E 128° 26" 05”7 N 35° 557 50”7
D-1 AJ. 06 E 128° 29" 33”7 N 35° 597 417
AJ. 07 E 128° 29" 36”7 N 35° 577 427
AJ. 08 E 128° 29" 43”7 N 35° 547 307
AJ. 09 E 129° 30" 227 N 35° 59" 26”7
AJ. 10 E 129° 32" 38”7 N 35° 56" 327
AJ. 11 E 129° 33" 17”7 N 35° 01" 47”7
AJ. 12 E 129° 37" 10”7 N 35° 027 04”7
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ek
3 o A% = W] 1
Hs
TY. 01 E 128° 337 29”7 N 34° 48" 48" 2009.04.10
TY. 02 E 128° 317 127 N 34° 46" 517 9
TY. 03 E 128° 26~ 47”7 N 34° 49" 59”7
TY. 04 E 128° 217 13”7 N 34° 51" 28”7 2009.04.09
TY. 05 E 128° 18" 53”7 N 34° 55" 39”7
D-1 TY. 06 E 128° 137 24”7 N 34° 547 34”7
TY. 07 E 128° 07" 30”7 N 34° 527 28”7
TY. 08 E 128° 00" 00~ N 34° 57" 14"
TY. 09 E 127° 567 127 N 34° 52" 39”7
TY. 10 E 128° 15" 00~ N 34° 43" 03"
TY. 11 E 128° 177 41”7 N 34° 48" 35”7
TY. 12 E 128° 267 35”7 N 34° 45" 59”7 2009.04.10
Y]J. 01 E 128° 14" 03" N 34° 37" 57”7 2009.05.05
Y]J. 02 E 128° 147 03”7 N 34° 37" 39”7 e e
Y]J. 03 E 128° 147 227 N 34° 377 257
YJ. 04 E 128° 147 20”7 N 34° 37" 13”7
YJ. 05 E 128° 14" 00" N 34° 37" 07”7
Y]J. 06 E 128° 15" 05”7 N 34° 37" 21”7
Y]. 07 E 128° 13" 50”7 N 34° 37" 27”7
Y]J. 08 E 128° 13" 37”7 N 34°37" 01”7
D-2 YJ. 09 E 128° 13" 25”7 N 34° 37" 03"
Y]J. 10 E 128° 13" 33”7 N 34° 37" 25”7
YJ. 11 E 128° 13" 09” N 34° 37" 28”7
Y]. 12 E 128° 13" 08" N 34° 37" 53”7
YJ .13 E 128° 16" 15”7 N 34° 37" 57”7
YJ .14 E 128° 16" 36”7 N 34° 37" 56”7
YJ .15 E 128° 16" 39”7 N 34° 38" 06"
Y] .16 E 128° 16" 49”7 N 34° 38" 17”7
YJ 17 E 128° 17" 03" N 34° 38" 26”7
YJ .18 E 128° 17" 15”7 N 34° 38" 33"
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o] WS 5 cysts/10ge 2 UERgoew 53] DI HHANA= 49
cysts/10g ¢ FREA} ZAGATG. AFFEAME e Y BE FHE
A7F BARA @kt vl Al A= 20709 A F 570 HHAAM BT
2 cysts/10ge] FHEA7F At
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LS

2L ot
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ot o1 ©] Nematodinium sp. 9

Z , C-2: 2009. 3. 114}
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A3 34 3 cysts/10g9] FHEAZF LHE A o= A

okt BdBAAAME HEHLE YEFR O 1 cysts/10g0]
CBAZNAE 7S] FHAM BFE 1 cysts/10gE LA A

o 33. F3l 5 At A2l Nematodinium sp. FH
A BXe. D-1: 2009. 1. 20 <F4 2009. 4. 9 4. 10
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(2) A&t YD Nematodinium sp. FAEXA 23X 2 HE
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et dQo A Vel Nematodinium sp. FHEX2

la“uq 4. 2%08kjﬂr 2009y 2ARA ApnE A o] Nematodinium sp. FHEA}L &
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- S
= ol F ohg sl ¥TUEsE t2A ushie Rz @wwd.

=
A FREA] @4 A A6l Wd A9H RTYRS ot & B
!

t}. Real-time PCRE o] &3t A9y JFAE 39

O Real-time PCR2 AA|Zte® fHzbe] & EUEHEY & 5 3ded, PCR
T Arl9EdEos gAdsts Ane Aokd & glold Rot mexn 4
A% 4 qlth. 283 standard curves Fl FHAY] &S T|Htew F
WEA 9 wolAE ks ¢ 5 e FHel Aok

O B dFAME real-time PCRE =Q5te] stxmdgte]l 2E3slu = C

polykrikoides®] FHIAZ HEst AFsiste] FAH HzwAdals ot
sl A} shok.

GF/C filterE o]g&3}e] 250 mlE FE YL, PCIHL o435t DNAS
Z3ch $&3 DNAE -70Co Epsigon, & 2Fc JHEF+ 47
T FHdA FHo=Z gl
O Plasmid DNA A2}y C. polykrikoides®] FHEAE t#Fo g2 T HF7] oH
222 plasmid DNAE A =28}, standard curveE ZFAddfop gt} ulelA
real-time PCRe|l AME-E]= primere}l probeE Edles F9L ez £
E0]A9l primerE A|&st AL, ©| primerE ©| &3}l standard PCRE 23Y
SIYTHE 8). PCR W& 7] 94°C 587F vhgAI#H a1, 353] REERH3-(94C 30
, 55T 18, 72T 1&)%F, FHF 72TCAA 727 vbeAF Y. S35 PCR 4t

=
EL TAE buffer® &ml&2 3} 1% Agarose gelol A7)9F3l EtBr& G
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g AHdE ZARSIY st FdE AHE2S gel extraction kitE o]
43l HAF F pGEM-T Easy Vector System 1(Promega Corporation)2-
o]-&5}e] plasmid DNAZ RFE ¥ competent celloll 4A+d3te] LBuj Aol ujoF

St vjFE cell€ Plasmid Purifucation Mini KitZ ©]83}¢] plasmid

DNAE FH3tgich.

¥ 8. C. polykrikoides®] 1TS 49 ZFZo] o|-&F primer

primer Sequence (5'—3")
ITSF 5-GTCGTAACAAGGTTTCCGTAGG-3"
ITSR 5-CCCTGTTCATTCGCCATTAC-¥

Standard Curve A|2H& 9|3} real-time PCR 43 : &R ¥ plasmid DNA
o] &3} standard curveE A Z3IY T} plasmid DNA templateE o] &3}
standard curve® TE7] A plasmid DNAS] Zo|& o] &5l FAE A
3} F1F o o]= copygol Te FEE A A plasmid DNAS @A E

2 3459t A E plasmid DNAE ©|835}¢] real-time PCRE I 3i3}¥]
k. 0.5 yL template DNA, primers ¢} probe(0.32} 0.15 uM), 5 yL Premix Ex
Taq(TAKARA BIO INC), PCR grade water 2 & volume 10 yL2 ZZ 3}t wt
Lo AFE-E primer#3 TagMan probeo] F7|AHEL F 9o iehy 2;11:]—_
Real-time PCR ¥h&-2 %7] 50C 283F vb-gA|#H AL, 95C 287 ¥ & 45
3 wEUL(95C 10%, 60C 40%)stgdtk.  2A4LS Rotor-Gene 6000

& 1n O

instrument(Corbett Research, Sydney, Australia)S A}-&3} 1t}

1 9. Real-time PCRo|| A}-8-# primere} TagMan probe

Primer Sequence (5'—3")

CPITSF  5-CGGCAACCTTTGTCAAACA-3

CPITSR2  5-GGTTTGCTGATCTAACTTCATGTCT-3"

CPITSP  5-FAM-CAACCGTGATACCCGCTAGCTTTGC-TAMRA-3’

@ Ay & 1%

O C. polykrikoides GFEAE2] ITS 4 9-& Standard PCR 2 A|ZH plasmid
DNAZ wA™E=Z 3] 4(10, 100, 1000, 10000, 100000 copies/g)3}te] real-time
PCRS A3 Hch olw Ctzke] oF 20, 23, 25, 27, 290] 1}gkon o] ZH& E
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) 2 standard curveE ZAsFY T}

O Plasmid DNA copy ¢} Ct z+e 28 359 Zo| =& A¥ AAAAS

UER o] standard curveZ AFEE 4 QJUTE Real-time PCRE 73 g uf

positive control® AFE-E C. polykrikoidesol| 4] AA|7F wk-8-5- 3kld = A
negative control2 E@3 Z2TFE ALEIIE Hh-g-o] vheA] g},

A s
B Al oE 9T S & AT

O C. polykrikoides®] FFMEE FEHEFZ S SAHE o]&ste] FE3] E 7/t
7l Ag7] Wi FHA EAS %*48}04 Real-time PCR Wz B F9
T3 2 AFgele Aol AFZHQ ozt AzHEn

O FHATA Y AE F SolH DNA probe(fHA FANS
olgstel BFAsNT A FHANM ALY HFE BAFol ute JUA

zo BEo} WERL 2AET
O FWEA H%F Wt plasmid DNAZ ol§stgior), FUAZ 3% b

v kE C. polykrikoides®] QUM EZS ©]83}e] standard curveE ZA3HH T

ForME2EE DNA FZ: Positive control@ AFg37] 98 wid=E C.
polykrikoidesE Sedgwick-rafter ChamberE ©|-&3le] ATt Als® AHXE
2 mL(4,900 cells/mL)2 tubeo] o} 9A1%52(14,000 rpm, 105)3 ¥j2| = =)
At PCIYE ol8st] DNAE FE33th %% DNAE -70Ce 2@
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sttt

O Standard curve A ZE 93} real-time PCR $3): &% DNAZE 0|83}
o dAER 3A3 F standard curveE FA3FYTE 0.5 gL template DNA,
primers £} probe(0.39} 0.15 uM), 5 yL Premix Ex Taq(TAKARA BIO INC), PCR
grade water2 & volume 10 yL2 ZZE3IHt whgo] AFSE primerd}
TagMan probet= X 92 A}23}9th Real-time PCR ®¥H3-& %7] 50Co A 2
7F WRGAIFH AL, 95CelA 283 ¥hg F 453] wHERRE SITHO5 T 10%,
60T 40%). B4
Australia)-& AH-&-3l T}

rlo

Rotor-Gene 6000 instrument(Corbett Research, Sydney,

@ 2% 9 &
O C. polykrikoides @FAFAN A FZ3 DNAS wAEE 3]41(9.8, 98, 980,
9800 cells/mL)3}¢] Real-time PCR-E R PstgSu] Ctgho] <F 23, 27, 30, 33
o] ygkom o] e EUE standard curveE FASAT. C. polykrikoides %
FAIE DNAGFH Ct g2 28 363 o] 2 AP 4BAA(R2>0.99E o
Bl o] standard curvezZ AREE 4 2J%lTh Real-time PCRES R g uwj
positive control 2 AF&-3F  C. polykrikoides| A A ZF HF3-& Q1 4= U
negative control2 BH 3 ZTEFE AMESIHS w wEEo] ex gol,
-

o
A t& dFel AN

L o

1 36, @l e wolAl ARslE 9§ Awa.
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@) Edsf A& H7|ZAF R A xS o] FHE
O Plasmid DNA<9} #jk®E  C. polykrikoides®] JFHEAZEH ZZF
standard curveZ o]&-3}e] C. polykrikoides 2% 7F5 A A Gl Fafere tf
doz FHIA H dolAE ZASIATH

O Az =2 B

=

=
O A S dEl AR ALY A (R, AF), Fel FF A% B (LA
@, dof vz, AFE), gu B A 'C (59, 8

O ZAF A]7]: 20099 59 ~ 2010 4 (23] =5 gk 5 9)
2010 39 ~ 2010'd 99 (F3l A
2011 3¢¥ ~ 2011 9€ (&
O ZAF B FalietollA C. polykrikoidese] & Az WAA(Z™H 37, & 10)
o /] Box-corer =+ WildcocorersE ©]-&3 AHZAL AR5 TH 500 mL &

o o} 4T, ol Thg BA7A Ryt

(
(

- A2 5E DNA £ : A3 AF 30 g& tubeo] B2 F A4E2](2000
rpm, 58)3te] S AASATE. 2 F 03M NaCl 5 mL¥a ¥4
(2000 rpm, 20&)sle] ASAL AA T DNAS FZ5ct DNA F=22
Soil DNA Isolation Kit(MO BIO)S o] &35}4t}.

- Real-time PCR 43 : 0.5 yL template DNA, primers®} probe(0.33} 0.15 uM),
5 yL Premix Ex Taq(TAKARA BIO INC) 28] 32 PCR grade water 2 % volume 10
pLE 283 th PCR 2748 280 4] 50°C, 280l A 95°C, 28] 453] whE-uh-$&
(95C 10z, 60T 45%)3}th. E A2 Rotor-Gene 6000 instrument(Corbett
Research, Sydney, Australia)2 AF-&-3} 1t}
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1, 9% A2, 9y,
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aE 37. A
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% 10. ZAFEHE 3%

k! dH M3 s A= H] At
YS. 01 E 127° 407 04” N 34° 437 38"
YS. 02 E 127° 397 09” N 34° 397 41"~
YS. 03 E 127° 407 52” N 34° 377 327
YS. 04 E 127° 40’ 58” N 34° 367 23"

A YS. 05 E 127° 44’ 09” N 34° 367 06"
WD. 01 E 126° 457 33" N 34° 207 28"
WD. 02 E 126° 467 53” N 34° 207 44"
WD. 03 E 126° 487 40” N 34° 217 28"
WD. 04 E 126° 507 46” N 34° 227 11"
WD. 05 E 126° 567 19” N 34° 20’ 55”
JR. 01 E 128° 127 30” N 34° 537 08"~
JR. 02 E 128° 147 09” N 34° 537 09”
JR. 03 E 128° 157 52” N 34° 537 11"~
JR. 04 E 128° 127 34” N 34° 547 26"
JR. 05 E 128° 14’ 08" N 34" 547 257
JR. 06 E 128° 157 07” N 34° 547 427"
JR. 07 E 128° 127 33" N 34° 557 377"
JR. 08 E 128 14’ 11” N 34° 557 427~
JR. 09 E 128° 127 33” N 34° 557 377"
JR. 10 E 128° 137 19” N 34° 567 15"

B SR. 01 E 128° 13’ 58 ” N 34° 50 46"
SR. 02 E 128° 137 51” N 34° 507 327"
SR. 03 E 128° 137 48" N 34° 507 23"~
SR. 04 E 128° 14’ 19” N 34° 507 23"~
MJ. 01 E 128° 037 28" N 34° 437 27"
MJ. 02 E 128° 027 39” N 34° 437 31"~
MJ. 03 E 128° 027 14” N 34° 437 22"
MJ. 04 E 128° 027 24” N 34° 437 10"
MJ. 05 E 128° 027 42” N 34° 437 11"
MJ. 06 E 128° 02’ 57” N 34° 437 10"
MJ. 07 E 128° 027 50” N 34° 427 577"
MJ. 08 E 128° 037 03" N 34° 427 56"
TY. 01 E 128° 337 29” N 34° 487 48"~
TY. 02 E 128° 317 12” N 34° 46’ 51"
TY. 03 E 128° 267 47" N 34° 49’ 59~
TY. 04 E 128° 217 13” N 34° 517 28"~
TY. 05 E 128° 187 53~ N 34° 557 39~
TY. 06 E 128° 137 24” N 34° 547 34"
TY. 07 E 128° 077 30” N 34° 527 28"
TY. 08 E 128° 00”7 00” N 34° 577 14"

C TY. 09 E 127° 567 12” N 34° 527 39~
TY. 10 E 128° 157 00” N 34° 437 03"~
TY. 11 E 128° 177 41” N 34° 487 35”
TY. 12 E 128° 267 35” N 34° 457 59~
TY. Z07 E 128° 317 28” N 34° 497 13"~
TY. 711 E 128° 267 35” N 34° 457 59~
Y]. 01 E 128° 14’ 06” N 34° 377 22"
Y]. 02 E 128° 147 22” N 34° 377 24"
Y]. 03 E 128° 147 23” N 34° 377 14"
Y]. 04 E 128° 137 53" N 34° 377 127
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=

® A% 9 12

A

eh gl AF Ak

O 20104 44 12 o5 A2 dHolA I AZ DNAE ©]-&5hd
Real-time PCR 24 Z#g 28 38 Uepfigith H3 3& Al vz
A7 A= 1~2 copies/go] AZEF Aot
O A 194+ 3 copies/gol AEH Wgtoll= C. polykrikoides] FwEX}
7F FEE & 7hsAde AAst

O B Yo 2r|zAE Bt Jx FAELE FASIE W, C. polykrikoides
Az B FEo| ¥HE Fo=E oqiEn

9 38. Real-time PCR-2

°]-§-
C. polykrikoides FAXA HAEF(0, =4= 43, @, A=d 43

O 2010 4¢¥ 229 9% A2 s HoA] AHHZ AHAE ©]&3} real-time
PCR &4 Z#g 28 39 vepidth A3 5914 1 copies/gel HEH S
om ynz B AEHA Eurth

O Hzrt #Aste 74 Bok 2] ARSI Az 44 FAEE Fetsta
A sty FHER HEFol WA Uyl wiEd & HMYdAME C
polykrikoides 2% HAZGEo| F& AS=Z HZHT}
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128 39, Real-time PCR-& o] & = ol
C. polykrikoides FH XA AZEH(0, B4E 4

2 dHol wa 44 4, 7,

@ e 5 A%
(o]
o BH

O 2009 Apsk 1
8, 10914 FHEA7} HEHIUL =

|4 2 copies/go] HAEE o] 2010 59 ~94, 2011 49

2-0] 20103 3¥ 7 49 =
~74o) o] HAE

AzAoz A4
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18 40. Realtime PCRE o]-g-3F 20094, 201061 Apgyt <t afodox #AZFd C

polykrikoides FHA XX} 7 ZEF.

O 2010 44 ~5dol= 4He) A BF FREAL S7H6knr 74 ol F
= #AIe FAE EAtHTH 41). 53 68 HA 8o HuA (10
copies/g)E HFom T2 HHYAHE 3~8 copies/ge] HEFHS EAuTt I
b 2011 el = 2 BRA FREAVE HE FHA @okh

O 20099 ~2011d ztsk AA 4, 7, 8, 10¢] FHUTA HEZFL AHEA

HEa 22 R uded wal C polykrikoides®] A2 VEREA] kTt
£, 2011 o= 2 ARl FHEATE dEREA] efol Hzd o] ot
A & AR dAENLH, Al dUAEY] 2L F et Azt

I RS AL dojuA] gL AL & @ 5 AT
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1% 41. Real-time PCRE o] &3 2009 ~ 2011 x}&hvtk o sjdolx A=H

C. polykrikoides FHEA} A=

2% 42, 200999 ~2011 A@nk A 4, 7, 8, 10604 AEH C. polykrikoides FHA XA
HEF Bl

_59_



O AFE A2 3

Ao M= Aehet s Gxt vl=EkA 20103 49 AL W) 1~
3 copies/go] AP}, o|Fols AZH R PPTHLY 43). o] Eak
2 Frtel HF 5o 4 FTS wol s Fo oAV FHEXATL FH
Aol FatE Aoz AZHET 2011d A A9 797 8Y A A F

ZATE AEHA S

e

W)

7§ 43 Realtime PCRE o3 Abgie Qlit alfel Al & C polykrikoides

FHEA AES.
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o]
- 1, 2047 1~3

O mzZ AT gl A= 20100d 5¢ ZAF wf HH 1, 2, 6, 10, 13, 159014 1

~2 copies/ge] FEEFEFoH, 84 FAL uwo=
copies/go] Ao} o]Fo] AL} 2011 ZAL AT Flo] A gk

th® 44).
9 4. Real-time PCRE o]§-3F njxm Q- d| oA HESE C. polykrikoides FHXE
A4 AE=H 0, B4HAE 44, @ A=H 44).
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@ ol BF ALY

LS

O 20109 4¥ 129 B9 A2 92 HH 194 3 copies/ge] &I
43 994 1 copies/gol FJAFATE A YA FHANAE FHEAT}
AEHA goith 79 1€ ~3ddle EE FHoNA FHRERF AEHA Zol
o] FHANAE C. polykrikoides Az A Eo] e Aoz Bk 2011
d 3 2] dolAl AES A% A Al E FHEAE AEFHA FueH

Az 94 HEL e Ao

it
rﬂ
d
i
22
o

19 45. Real-time PCRE ©]83 5o QI+ s Aolx HES C polykrikoides Frx

-
A AW, BAE A% @ AE=H A7),
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O 2010 8¢Y 23U FAIS &X % Q1 o] BE Aol A
AEEA A, 2011d 84, 949 XA Aoll® FHZAE HE HA &
o} C. polykrikoidesel] &%+ Az LA 7ts/dL ¥ 2oz dddn
188t 8% A+ s x] HESH C. polykrikoides F ¥4
: ).

19 46. Real-time PCRE o
dA&=%F(0, E4F 4%, @ A=4 4

|
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3. Cochlodinium polykrikoides X| GBI H|Lo| ZhM/4HEf =t
3 o4

7h A7l AR AB, &A%, AMFE, VX)) AL
C. polykrikoides ZrotAe] A/ A #7 SHS H3el7] s Fal Lo
S dAstd 87, 384, AENHA adS HU|Hez AT

1) A= = 9

oh A
0 20094 AdelA 5LURE 97AA B T I 2A}
gom, w2 3 o) AL AFstel O m)TF AF0O1 my AFNA

AR 1m £3)2 ez sUtiad 47).

i
(e
X
lo
i
4

o
ol

T
N | GoSung 0 T 2km
N 55
. st.1 st2 @ st.3
34° 53

128° 12" E 14 16°

18 47. RS Ay BE=RAF AT,
O 01049 SURE 77 631, 0114 5YRE 897 43 2AE S

dew, BEHe HH 4,7, 8 102 FF0 m)F AF(b-1 m; AFolA &

B 1 m $2) 4 AASETHE 11, ¥ 12, 29 47).
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E 1L Adg AH LA
A QA
1 2009-05-16 2010-04-28 2011-05-28
2 2009-06-25 2010-05-29 2011-06-08
3 2009-07-28 2010-06-16 2011-06-23
4 2009-08-25 2010-06-21 2011-07-05
5 2010-06-28
6 2010-07-29
12, Aet AP
A WY Ky
22 A ke FAl, T2, 9%, §F44(Dissolved Oxygen; DO)
tmjoly AAL(NHL-N), obdatd AANO,-N), 2k 2

22 (NO5-N), <14k OJ(POf'-P; Dissolved Inorganic Phsophorus:
DIP), +4F GF4(Si(OH)4-Si), Z<l(Total Dissolved
Phosphorus; DTP), 48] %34 (Total Dissolved Nitrogen;
TDN)

SEE S g

A28 s okskA AeZYgaE 5 24 2 C. polykrikoides A=

|44 (Dissolved Oxygen; DO)<]

2~ I=]
Ty O’E!ﬂ'ﬂ__/

o, &4 B¢ T4 vIE
7 7] (MS5, Hach Hydrolab)E A}&3te Z75l¥ 1, 88 2 o]3154 3
¥ ¢ Van dorn AF71E ARt 5 (0m)@} A ZF(b-1m)S A3}
Rew, AL AFFFTEAGEHA AASI  FHSFATE FFAHE,
2002)
O AEEHIAEY F 24 9 AETFE 3 8+ 1L§ @4 %60 um,
10 sm Nylon mesh)S 3l FF=HAnHS ALE-3hod THlE(X200, X400)

A7 st
O HE3F C. polykrikoides®] olAl= HHHAACR s
PCR ¥+ 835t st

O 8fle AEolAle] DNA
filter2 o33t & PCI ¥
DNA Isolation Kit(MO BIO)%
A AL 95t real-time PCRE

HFH I} real-time

2 o

ﬂ%ﬂﬂqJ%MAﬁéﬁlggiﬂ
TR
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WMol F2(0 m)T AZ(b-1 myol A AASHATHE 13, 23 48).

AL
T, GE T a8 HEERIAE T A SoH =
]

o = 5
AP Ak A7 AR o] AAIEATHE 12).
£ 13 AR AF LA
2} LA

1 2010-07-27

2 2010-08-27

3 2010-09-17

5 2011-07-21

6 2011-08-05

R 48 A A=A B3 AR,
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A< A
1 2011-07-26
2 2011-08-11

3 2011-08-18

4

5

2011-08-24
2011-09-29

a9 49, vEW ZIIEAL B A
() &A=
O L&A T A 20113 53] FALES 3 o}ai CBESFHe HE 1, 2, 3, 4H9
FZ0 m)T HZ(b-1 m; AZol|A] AH 2y Al AAISHATHE 15, L
2 50)
O ZAMFELS F4, 72, 48, §&44 19 é‘.%%%ﬂ < A "
HAEFO 2 319 ZAPTHS A FrzAlet 22 ez AASHT
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@ 2% 2 12
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D 4, 5L 9R L SENL
@ 54
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N 55

34° 53"

N 55 N 55

34° 537

128° 12° E 1% 16

19 53, Al

FES 5EFH 64714 AHI ¥MIt= A9 gidled
= Hzp gadte AEe BHYo. azlan 79 FAH 41

3158 psuZ 7H¢ w2 HES WEAY AS2 Wuy e dFe A7
| 64742 A a2 A7IER 2 zol7t Yt 7E2 2FF

A Zpol7k vEiten, 23 ol tEA FH TolAM THE ¥

¢

T 1%l g FETt Hl=gew

FEE JehAAct 2010089 Z3be}
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A BESHTE AFE B S04 7.6 mg/Le]
e HolW ATE ZoA 70 mg/LE 7 YA YERGTHIE 55).
O 699 55 BEXE HY ATAE FFA 80 mg/L o] 52 §&E44
e Holm 9= g H A 72 mg/LE VElGTH AZe] XS B
| EZAM duFez =4 JeEhd Az #F sk BIZoA 7
& 4.0 mg/Le] WIAtA g HYlow AgtE bFo] 54 7.6 mg/L2
7+ =4 YESTHEE 55).
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Tl 68 mg/L ° e HAT AZe

=)

e
2E AAgez 6drtt oF 20 mg/L 7F HolHth Az #HSA A

Ho7 &2 52 mg/L 9]

9] oA 26 mg/L

o] Waka £3)7}F EbtTh(aE 55).

~—
o

3te] 64

A
oA 6.0 mg/L ©]

T Boog yhwA

=
=

o 2

Zo A 4.0 mg/L o]sle]

mg/L ¢ < Atk A

o] LrERSTH

&

goN
j

o

(2" 55).

oA HAazke 43 mg/Le &

g2 HA

tod 7.0 mg/L ©]

7}s

=
[

(ring) & 7]F

sk,

ghsb Uehg dater Az
7.0 mg/L o]

KeR
=

%2 50 mg/L7F YESRTHIE 55).
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N 55

34° 537

N 55

34° 537

128° 12 E

1 55, A&

O 20103 Aggre] &4t 2o 5YREH 647tA] BHIEY W3t
A g, 79dle T AZFo| fIAISt= BAH 77 10014 618 mg/Le}
6.75 mg/L2 H& FEE BTt AF2 FACNA SHAE ZEFE A o}
Ae Aoz 697 79d < FE FHANA Hakastrh F3o] e
(2" 56).

O 20113 ¥Z9 &FAAE 6.95~737 mg/L HYE A AP B o
Aatden 74 2A F A5 4 FRT] BEAAE Aol7) 316~6.92

mg/L W2 & zo|E HIT
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) . 4 ‘_|
2 DONXET} DINo| E& A3 ez, 201132 DINe H|7F 5=, A=
o| A oF 43%, 47% = DONo| DIN Hrt} & HeS

L 65 :35 Yot 201032 DINe Hi v|7}F 85, AZolA <F 66%, 80 %
]

9 57. 20101 ~2011d G 7] 2ANe] w2 Abgkgre] §-FH F-7] A4 (DIN)e] g}
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1% 58. 20108 ~2011 A7) ZAle]| WE A@wte] 828 §7] AA(DON)] Wiz},

1.62 yM o 9|, AFE 002~1.81 yM9] 34-.43}1—4- HF-e 201089 AL

23 A& "m@Fgkel 090 uM, 0.82 uM o]z, 201132 AL FTZ1 A
Z9o] HHZEE 047 uM, 048 yM o]tk 2011de] 3| A] 20108 9] Zho] &
o 2 A%E Bk (2" 59)

O A71ZAbel WE &FF f7] QDOP)e A AL 7|7t B¢ FFS 0.03
~056 (M o M9, AZL 0.03~052 M H9grh BFEL 2010d 9] A9
=3 A= HHgko] 021 uM, 0.27 pM o], 201138 A F=3 A
Zo] PEL 0.23 uM, 020 uM o]tk 20107 2011°d 9] ko] H|%E A

o
Ae
e
alt
°
Y
=
38,

i, L 69 :31 9 HES
Btk HZoAE & 11 : 89 oA 93 : 7 71X XS BHYH, HFL 65 :
35 th 201038 DIPS] BHF H|7} ¥2, A2 A o 74%, 63 % = DOPHE
t} DIP7} =& #Age Jeyz, 20113dL DIPY H|7F B%, AZoA] <k
63%, 66% = 2010W@Z} EU3}A DIP7} =& Age HYr).

ol\
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29 59. 2010 ~2011d A 7] ZALe wbE Ah@uke] g2 K] U(DIP)] wis)h

a9 60. 201013 ~2011F A 7] ZALA W2 xFg@nte] 8- #7] (DOP)<2] W3}

_83_



O A7|zAl @2 &TH FAEDS)S A A 7IE B £F2 013~
1351 yM ] ¥, AZL 115~1298 Mo H Yot HFL 201089 AH¢

= HFgho]l 6.39 M, 7.77 yM o, 20113 A FZ7 A
29 3 ﬂg,\% 440 pM, 7.36 yM o]t} 20103} H]3A 2011
SEFRAIRE, 20119 B39 Haol v AFE Bien, sAR A=
F7tete A% YeERAATH R 61).

#
o
)
)
=

a9 61, 20109 ~2011d A7) ZAbe whE 2@wke] 829 7AFG(DSi) e W3l

@
&
=
L
@) ]
(e
b
i
il
o
Hu
it
filo
of

N

g Ay F 463 T AUERZFRT 167,

30%F°] Zdsidth HERZF MEEEE 300~800 cells/LY] 1L,
= 2,150~5000s cell/LZ ElGTH AHEzE JHEZFI A A
Fo B 77 10014 B2 FHol H|sle d2 AXTEEE B
BE ZF Leptocylindrus adriaticus7} 2F 1,000 cells/L2 A
21.39% 5 ARl H-HFo 2 YEPYTh t3-S 2 Rhizosolenia fragilissima
E 640 cells/L2  1417%9) 3dl%3sl =¢HFom el 2 ¢
Skeletonema  costatum, Alexandrium spp, Chaetoceros costatus, Chaetoceros
lorenzianus, Leptocylindrus danicus, Lauderia borealis 5°] WH3}A &

A9k C. polykrikoides®] FEHTE LA R ).



o
rok
i
[

fr

O 6de HEETIAES T 35% T SHHEXR/R= 175, TXF
18Fo] ZdsIth JHEZE AETHLEE 930~2,700 cells/LYx, FF
= <F 50,000~190,000 cells/LE e}, 5¥d] v F7lsttt AHEEE
57 o] SARZR Ay & WUt gllev, #x2Fe B3 73 8ollA
o2 AR vste] Hlwd ¥de AZEEE BYon, BH 4004 AW X

U2 BT 69 $HFO 2= Chaetoceros dydimus7t 28F 5 41.56% 9l
S Fah= 42450 cells/L7} 35t H9HF 02, Chaetoceros pseudocrinitus7}
1152% 2 =A$H"Fo =2 ettt I 9 Pseudonitzchia pungens, Chaetoceros

St
o
S

difficilis, C. costatus, Leptocylindrus danicus, Thalassionema nitzchioidess©] &3

skt

0794 AREYAEL FAT I F 2T WAL, 2 F JHR4
TE B3F, FB2ABEL 19%0] 2T HUEZRY ATTEE 700

~6,200 cells/Lo|H, F+ZF= <F 600,000 ~2,000,000 cells/L=Z e}, 593
64l Hlaf F7tetdtt HFEEE SHEERY A9 HH 77 8dA, &
Fe dHEREZFIE AYY AH 1004 =Uqh 7899 $HFL 699 A
%9l C. pseudocrinitus7} 307,750 cells/L2 28.67%9 sl H--HFo|A
ot 282 C. costatus= 158,937 cells/LE 25.05%9) sf=ale] 2197 0]
o 283 2 RV =2 TEL OE A7 92A dFEE Chaetoceros
202 et C. polykrikoides®] AYAE= HH 4, 7, 8, 10914 226, 34,
1329} 110 cells/Le] D=2 6B} AELUE7t F7hsth

O 2011'd 5¢¥ol= F £2F9 AEZHIAEC] FHHIUL, o F FE2FIF 31
%, SFHEZF= 115k Chaetoceros paradoxumo] 3324% 2 HFOZE
Vel e ™ Chaetoceros affinis7} A-$-HFE Q0. ™, Leptocylindrus danicus= T
AZEHGT 2E A 2EE 359 25V AFY BEREEG kA7 A
A 7dME A 127t B =331 FH 109 AeEs I AF9 dE
D=7l BlsshA BFEAT. AEFS HF 8dlA EF 405,800cells/L, AZ
289,500cells/L2  7F¢ Eotom, Ax® 10004 ¥Z 229450cells/Le} A=
242 450cells/LZ2 7} <ottt AFHo 2 AHE 88 AQdt ZRE A A v
< TN dEFS HAFUeH, 727 HlEo] 9.58%% =9k 9
ARZ{FE 041%9] ¥ vHE& =2 YELTH

O 6¥dle= F 4659 AEEHIAEC] THHIUL, o F TE2F7F 265, &
HEZF7F 20522 #AZHUT. Chaetoceros didymus7t $-HF5C 2 VYEGS
w Chaetoceros danicus7} 2F-AZEQ L, Chaetoceros costatus= Tk B2HE
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o AN H o2 Chaetoceros<:2] AEo] A= HATFL HIYow, Asterionella
glacialis'= vt FREHJY. FFEE2= & Qrrt A% ARt 9k
om, dETL AP 404 = 609,675cells/L, A= 523 800cells/Li 7%
=om, AF 1004 FE= 552,500cells/ L3} A= 432,900cells/L2 A7

ol\
o

= i
7 BH 7 2 Aolg BelAle gkt AAHeR BE HHAA Hl%:} F
2T dEFS BAFolen, 53 X vlgc] 977%2 A3 SR
TE 022%9] W& w2 YehEn

O 7del= 439 HEEFAEC] BFHAULH, 1 T FUEZFI} 157,

29%F0] TWZFHUT. Chaetoceros pseudocurvisetus7t $HFS 2 JEHOH,
Pseudonitzschia pungens7} 2H-9-HZ o]tk 27 29 A=ZUEE 3 A
A QA & Aolg BHAFA gsten, HH 105 AAF A AHES
H 23 AU s BT, dE2F2 g3 404 £F 372,800cells/L, A
% 367,350cells/L 2 7} =A vERem B3R 1004 257,600cells/L, #3
264,750cells/ L2 @A BFEATE SHRZEFY H|Eo] 051%2 VA, Fx
Fo] Hlgo] 9948% = —‘1741 et o™ Chaetoceros4:2] ThF3E FEo| 4 EZ
FIE ZAo YEES AT 78 EolA 5, 6¥oA #HAAER @
C. polykrikoides ‘?—__-LO]-ﬂ 7} #EE7] AESH

(i
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28 62, 2010~2011d AF2kwt Fele] 2w 2l

o
ri[lf

- == C. opolykrikoides @E%F W3}

@ Real-time PCRE o83+ C. polykrikoides®] FHIA X 2 dolA FA}
O Apehet Aol A C. polykrikoides TotA o] E@7 FHEA FEZF| ¥HF
S ZANSE A3, C. opolykrikoides FAXEAE HH 794 69 ~8U7A F71¢

AE Roltprt 99 o|Fol= TASIITHZHE 63). 2000de A 2011337} A] €]
AAHA Folg AHETA 2009d9o= 69 ~ 8d= 7HHA AHATo| FHE
A7F F7bske A& B 4 A, 2010d 59 ~ 79E bHA FHEAY &
o] ZtAaste AL B £ Utk 20113 E A BHAA FHIEAIL AEH
Iy ie=

O C. polykrikoides TrolA= 2010142 7

T oA Fo] Frlete A& B F UATHIHE 63).
) ¢} real-time PCRE ©]&3} 3}k

AAA] Fole v AL
O 2010doll= 64 25UHE AlZE Fulrt 79 Feol 2X B GNZ
HEolozt 79 299¢] B 2 AZo|A] HEE(2268 cells/L, 66 cells/L)
2 Elhfgla, DNA EXNoA= 79 29¢¥d HAWE=(100 cells/L, 47
cells/L)E yeRASITE 201130l 62 ~ 792 Fojrle A7)l AZolA
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Fol A7} AZEFHTHE Al 7ol A#shel] wel BFoA EolAI7F HEHE &
£ B T AAg

2009 ~ 2011'd A}o] 9]
A JUEAEZ7E Eoye BAE B9, O u3 Al7le tiAZ 6¥
=

E3) A48 zto real-time PCR W oz A= 2+ vl wshdy,
| e TolAle] F7heh Fae] FHElo

. polykrikoides®] otA S ®Ast=H F&3% sHds & F
ARt ot dopA]| o] WA A7) 7F 1~270
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1% 63. 20091 ~ 2011 g 7| Abel whE AkeRk C.opolykrikoides €] FR XA}
obAl A=
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(Wb A=

O F4, F2, 948 2 &304

O AFFRO FAL AL AA 7+ & Aol7b glen, HF Zo] 1445m ¢
F32 et

O

20100 AFES] EFF22 25T, AFF2E 19C2 ZE ol A9
Ao, FZFH AF Ateldl ¢ 6T zo|7F JEIHTHE 16). Ze
Al71 201139 S84 2010383 Huge o AAFHer Z W7l N
o} 98 =3k 201037 20113 A 7F ZAFA] B2 oA 32 psu, A=A
34 psug FIFZQ Zol= YATHE 16).

O BZ §TA4AE 720~749 mg/l, XZLS 418~581 mg/Le WIS H
Aok BFol AZET §Ea7t A JElEAR, I Aol 7HRT 8Y
o B-57h FstAU(E 16).

i AR (st) T2 (C) A2 () pH DO T
X*T AT RFT AT RFT AT AT AT
2010 SR st1 2486 19.06 3224 3434 834 804 33 5.06 5
/7/2 SRst4d 2467 1980 3247 3423 836 809 749 5.02 5
7 SR st2 2435 1908 3277 3434 833 813 735 5.81 5
2010 SR st1 2542 1888 3158 3415 833 799 730 418 8
/8/2  SRst2 2522 1892 3168 3424 830 798 720 4.49 9
7 SR st3 2518 19.00 31.69 3407 831 799 726 419 8
SR st4 2491 1885 3183 3424 830 798 720 4.49 8
2011 SR st1 2416 1922 3423 3427 834 831 730 316 6
/7/2 SR st2 2466 2008 3420 3421 832 833 737 520 5.5
1 SR st3 2356 2021 3411 3421 844 848 724 5.69 5
SR st4 2387 1966 3417 3422 842 838 713 6.51 6
2011 SR st1 2451 2051 3351 3287 809 736 673 6.31 5.5
/8/0 SR st2 2464 2021 3323 3252 804 794 692 598 6
5 SR st3 2431 1989 3317 3221 801 791 698 5.89 5
SR st4 2441 2002 3331 3229 804 795 702 6.03 5
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2Eo] WG 1 F 10F0] SURZFIQL, W8Fo] FEFIU @
=% 37 48 AdFHTE 2 Fol7h Ytk FABZRS FEF @
o 74z} 400~3,400 cells/L, 8,000~15,000 cells/Le] M2 YERGTH(Z

64.). $HAFo B Chaetoceros costatus7} 1,700 cells/LE2 AA A EZH=
Z 1457%E ARt HeHFoR el Leptocylindrus  danicuse=
10.71%(1,250 cells/L)2 29 F ot 2 ol Chaetoceros 42 C. brevis
st C mitra7} o BZEHATE C polykrikoides®] FUAEE= FEEHA It
T},
O 2011 7€l AMFEAAME F 32F9 A=ETIEC TAHHIL °lF
F= 18%F, JHEZRF= UFTo|AY. HIFL Pseudo-nitzschia pungens
Q- ZL Chaetoceros curvisetus©]| Q™ tokst ChaetocerosE&ES©| T
F BEFAY. 58 dE dev BF0 AFET =2 FTS HYoewH,
Hste 25 Aol FAMSIAT dE%S A 3494
459,350 cells/L, A= 307,050 cells/LZ2 7}4 =kom, AHAF 1d4 =
415,150 cells/L, A= 295,650 cells/LE2 7} @kt AAH o7 FALS Y
AEH A 7 Aole A FUth EFT EE FE2FIF 9.35%F X
st SHRZFEIF 0.64% S 2A 5T

fr i o r}N

5]
ol o

of

D

O 8dol= F 43F 0] FAEHIJL o|F FXFE 19FclAeH GHRZEF=
24F o). o]F FHFL Chaetoceros pseudocurvisetus FO™ HEFL
Chaetoceros pseudocrinitus F2.M, o] o = T}l Chaetoceros 4:0] th4 T &
HAoh 2 dEEEs 239 RV AFEY =9kev, 43 39 B¢
AFe A7t FFEG =3t 7P 22 dEFS B X2 AR 3=
F22 651,600 cells/L, 2L 666,500 cells/Lo] EEFe HAZon,
A 4o A EZ 417,500 cells/L, A= 380,500 cells/L o d=xo g 713 o

, o

L A2 BRHYY. BegE 2xAEE FRE7F 8.6%S 2FA5Y
SHEZFE 143% 2 AT
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O 64. 2010~2011A Algw A== 3% 2 C polykrikoides 2] &=,

@ Real-time PCR-E ©]&3F C. polykrikoides BrolA] ZA}

O C. polykrikoides ZotA &l ZFdAS AR ATE &8 AR 23, 4 11
cells/Lo] AXTREE HYPOH, real-time PCR WHo g AHFS He <oF 16
cells/Lo] AEZHAJHTH 66.). 20101d2] 8¥ 29¢ Z A} A= real-time PCR
oz ARsgon, FH 204 HFH22 cells/L)2 VERAATE 2011
Wo| zAl M= A AT F4 BT A %Uﬂzx} 5 oErobA o] HEE AT
O AH A3 A real-time PCR #Ho 2 AJzh-g vlustd o7 &
7het Zae] IS F o]l fARsy

o ol g WASEH F8F FHIL & F AUk

=
.

2
r
ok
it

=
pLe

25 C. polykrikoides
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7138 65. Real-time PCRS o]-83F 20180 A}
% C. polykrikoides €] WrolA| A&
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rzEe 4 16~24m Zolo| FHolow, kA At A=

ez o 2e Aot

O mzxHY FFF2E 2273~2580T, AFT2L 1729~2441TCE EFF
2o] AFF2HT YA JElyth 89 11Y¢ AFE 22 A% ne T

9 66, 2011 Q7 RAbe] WE nlEwe] e W@ B2, 9 A1)

O mHzEH HEE FFo| 2779~3344 psu HAZR FAHHGoH AHFLS
32.38~3493 psuz AZo] EZRT} HFAQ AR RYth(2Y 67)

d

2

2
ol

SR 67, 20119 A7 2ALe] whE vlzwe] AR wsk(:

, 7 A,

i
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Y 68, 2011A 7| ALY wE m e 8541

28
23
2
W

|
o
o
N
ol

AT ol e &EH 7] A&DIN)= A AL 7IRE S &
87~197 yM, AZ 0.85~1.95 yM W2 Yelgon, 53 DIN| Hi

67 M, A2 HFZEe 131 pMo|th AZe =

o ZAL F AT 274819 522 F HA AP Al HEG (198 pM)S

e & g E gs e AT R 69).

DIN MJ

Date

18 69. 20119 AU ZAbe] WE mzWe] 858 U] A4
(DIN) <] W},

0 &Z® §7] 2A(DON)E EZ 004~066 MFHTF 031 pM), A2 012~
159 uM(BZ 071 yM) Abol2 viehdt} EZolAe] DONZe asirhrt
27%}% e l‘i?ic‘f# Aol 419l DONZL-2 t

oH ™ 70).
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DONMJ

Date

7 70. 20119 )AL whe wzEel & 7] A4
(DON) <] 3},

O &&H FAHALDIN)S 79 AA &322 DIN : DON9 H[7} FFofA
OF 56 : 44 ollA] 98 : 2 7}A] g EEXE UE WU, FEHe=z 83 : 17
ol H &L BHYth AZAE 2F 39 : 61 o4 90 : 10 712 EXE BHY,
68 : 32 o] H|-g< FAFS BT

O &FH F7] A(DIP)> ZAM7|ZE Z 0.01~053 M, A= 0.06~
0.69 yM W2 JEelTE ZAL7|7F 2 529 DIP o H##S 021 pMolg]
om AZFoA DIPY HH3k2 0.31 uM ©| At}

of
o
=]

DIP M

Date

" 71 20119 A7) EAR wE wmxme] gy 7] o
(DIP)2] 3},

O &ZH F7] ¢Q(DOP)& EZ 0.03~0.38 yM, A= 0.08~038 ;M B =
et ZAIRE $9 859 Boike 015 pMo|len AFe Bk
2 019 M Stk " ZAIE F dAIFeE B gs BT



DoPMI

Date

" 72, 20119 A7) EAb) wE wzme] 82 f7] ol
(DOP) 2] ¥ 3},

O &FH FADIP)Y A AA £xe] DIP : DOPY H|7} EFoA] oF

o}
197 oA 95 : 5 7R ket BEXE el WA, TS 53 ;47 o H)&

HAT}.
Az e ok 24 : 67 o4 89 : 11 7+x|¢] DIP : DOP ¥ B¥X & B, 3

o] HAQ vl 52 : 48 ATk

O &2 FAIDSHE FTZ 054~1063 yM o W& WYz e 8
i, AZL 1.35~924

4 119 Z3ATA 1063 uM o &L ol 7
AATA A 9.24 yM &

[e))

WM Atelel ol UEhtom zAI ¥ 849 119
A9ghe e B A7 elAE Al vehgrh.

_IINI m’lN‘

DSiMI

Date

a9 73, 20118 A7) ZALY wWE A 85 H e
(DSi)2] W3}
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@ ANEEHIAE T 24 2 IAEF
O 2011 74 26<dell= EE FHAAM F 4150 BHHIL o|F HHEX
FE 163, 7257 oAttt $HEFL Asterionella glacialis (5,100~71,500
cells/L, 17.69%), 2-$7FL Rhizosolenia fragilissima (1,000~62,500 cells/L,
10.19%)0lltk. 1 &l Chaetoceros 4] AEFEo| thg A FHUOH, AEF
B2 ot thekdt dHRE R FAHESUT C. polykrikoides®] F A E
2% BEEoH F3EEZE ZFTHT AFY L=V =AU FHE=R
A 104 E= 199,350 cells/L, A= 268,350 cells/L 2 7} =2 HE
oAFRo vt AHH 204 HE 67,050 cells/L, A3 100,400
cells/L & dEFo 2 7} dgrt. ERTZEEE 72771 93.95% 5 2|5}
Rom, U XFI} 6.14% FTx2AHE
O 84 11d F 4159 AEZHIEC AL, 22T JAEZF/IL F
AERL, FE2EF= 19FoIU. +HFTL
}--H 352 Skeletonema costatum o] t}. Rhizosolenia fragilissima, Chaetoceros
03t FEE v BRAEHIT 58 ATEEE B30 ASET
Bylom, AHE =4FH I} AFol FAreATE 7HF
S H X2 HY 307, TF 1,002,650 cells/L, A= 771,050 cells/L
v, AH 4ol A= EE 671,950 cells/L, A= 560,400 cells/LZ 7}
otk EREEES TERFVE 98.96%9 2AdHE AAEHoen, dHEx
7} 11%2 2= 5-40h,
84 18Y mlxolAE 38F9 HEEFIAEC FAHHIL olF A4WUEX
8=, FXB+= 30Fo|t}. Skeletonema costatumo] HEZTo R o
Chaetoceros pseudocurvisetus7} x}¢-HZEFo a2 eyt F2EaE AZHO
Eze UEs Bon FUEEE AAF AL UEc 44 do] ¥
2 477,250 cells/L, A2 381,000 cells/LZ2 7}% =< F==S el ot
zk ARAreldl & Aole oy AFH 2004 T 430450 cells/L, A3
353,550 calls/L2 MlmA Mo @zFe Bych @4 4EEIAE 3 99
BzRF FxA0E 031% Fom 99.68%] EELS F2F7}
= L=

O 89 24Y = 41F2] A EEHIES FAHIJL o|F

rr
&
W
o4

oN
j

7}

.

o (r
filo
f

Chaetoceros pseudocurvisetus .2

Wi

o

ol\
o o 1 =

o
o2
e i

R T—
— L
. AL

)
32
ol\

©
Lol o
O_Ni_, >,H

ol

fr o du
OI“N e = ?.94

TEFT 2650tk $3F2  Chaetoceros  pseudocurvisetus,  Chaetoceros
radicans, Chaetoceros pseudocrinitus©| Qo ™, FHEZF{F F Dinophysis &5
A8 FEo| BARFHUAT FEHo] A= LFUTE. C. polykrikoides ] F YAl

Z7h 2% RPN FFERE FFTHY AFY LEI gtk 2AP
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o WA 47, T2 225850 cells/I, A= 144,800 cells/Lo]QT}. = o]
2 ekA|Er A 2004 EZ 176,825 cells/L, A& 147,100 cells/LE W w3
S FEFS B AAHLE F2RIF AA F2AFE F 9813%E A
dom JURZEI} 1.86%S A3

209 Pz HAHoA s F 37 Fo] FARHUL o] F 1059 SHEX

o A 27FL FERFIAY. $HEFL  Pseudonitzschia
pungensR ™ X} HEL  Chaetoceros  pseudocrinitus .  Chaetoceros
pseudocrinitus 9] ©WE Chaetoceros 4:0] vt AL, FFEE= TF
F AFe] AEF LdxAol7t wom FFol AFET =L UEE BT
A7 404 T 241,400 cells/L, A= 144200 cells/L2 714 =o d=To
Bgon zg@ 1ol4 2 212850 cells/I, A= 123250 cells/L2 +e A=
Fo BT 9840%9] BES FEFVF AASFALH 1.59% k0] SHHE
ZFHolAT

9 7420119 vRW AR

m[b

- == "2l C. polykrikoides ] &&=,

@ Real-time PCR-E ©]&3F C. polykrikoides BrolA] ZA}

O C. polykrikoides olA2] ZHES A Al-E T3l AR 23, 200939
dF A A A %@iﬂﬂ A HAeH, 20113 A= HE HA &
Aot g Foll LolAlE HEC] HeE AL FAdsiith 20114 89 114
~ 29 /‘}O]Oﬂ dolAl7 2@ ¥ AE B 5 A, HAH AsS
real-time PCRO] HZ& Fo|7} H|&=FE E 4 vk 28y A Agits

s
real-time PCR& &3l wolAo A2 A%/ ¢ & AL 2 4+ 9o

:lol' 2
)
kel
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% 75, 2009 3~2011d A 7| Z2AR] whE wlZ C. opolykrikoides©) FE XA}
2 g wrolAl gk,
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T, FE EE B ML
ST 4L 28~35m=E FAHFAH ZF FH I FAATE S Held

w0 & o e
rlo
flo
oxl
Jub)
=
.
=
=
—
@)}
o
~
{
—
(@)Y
—
@
fru
oxl
Jub)
»
w
o
—
(@)Y
toe)
(@)Y
{
—
N
e
N
3
f
kv
—
{
N
3

1% 76, 20116 G7)eAlel uhE RAve) Fe WEh (7} BE, 5 A1D)

O 8Y &AE PEL EFL 32 psu B FAEINCH, HEFL 34 psuR
2E BAHANA LA vYEETH (™ 77).

a8 77, 20113 A 71 2ZA e ulE 8 re] & wsl (& B2, S A2).

it

O
=]
ol\

LEZALE 728~7.56 mg/L, AZL 425~471 mg/LZ EbsTh
7 AZ §ETALE 3 mg/L FE Aol7t Wom AFES fAIE 7
&5 YEAEH(ZE 78).

- 101 -



AL F SAE FHe §&H 771 24 (DIN)
0.31~1.98 yM, A% 0824~197 ;M ¥ 2 JElton, ¥2 DINS 3
e 129 yM, Az HFZ-S 1.06 yMo| Tt E%ﬁr Xﬂ% oA 84
179 zAL Al 43 F7tsks B%&FE vEbden 8 d AL A= F4
3 oA ATFE Bt 2 F ZAIbAE E}A 27}0}9515}( 2 79

rr
20
B
S~
>
N
=
oft

]
-0,

DINYIJ

Date

a8 79. 2011 A7) ZAbe]| WE 8w &FE HEr]) A
(DIN) 2] 13}

O &= f7] A24ALADON)= 5% 004~066 M3} A= 0.12~0.74 M2
Helz et %39 DON o HAz2 031 uM o|glew #3F DONY
KeR
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DONYI

Date

a9 80. 201191 A7 2Abe whE &ALk §Fy 7] da
(DON)e] 3},

2 AA EF2 DIN : DONE H|7} FZA]
o} 169 oA 94 : 6 74A] thekd EXE el Yol HFHoeR 73 27
o H| &S HYth AHZoAE ok 24 : 76 oA 84 16 7tA] EXE HYT
WS 65 :35 ¥k, ¥Z, A2 EF DINS ko] DONET =2 AL

~

O &2 T QAMDIP)S XAV B 3 000~0.32 pM, HZ 0.01~
038 yM B2 UEhdth A1 F 2] DIP 9 BFZL 021 Mol
om AZ9| DIP JHZL 031 uM o]th.

DIP Y]

Date

a9 81 2011 Ar)EARd wWE 8&Xro] gy 77| ol
(DIP)2] w3}

O g8 Z7] (DOP)S T2 0.03~044 M, A= 003~038 ;M H=
el ZAZE Fo 359 HAFe 016 M oo AHZFo] HAFk
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£ 017 M 9. A ZAT F QAR Be e HAFQD

DOPYI

Date

a9 82, 2011 A7) FA] whE S-A el &g f7] ol
(DOP)2] w3}

O &=g] FA(DTP)e A% HAl E3xe] DIP : DOPS H|7} TFA] oF
197 oAlA] 92 : 8 7}A] thokdl ¥ E vlE Qar, HEE 48 1 52 ¢
Bk HZoqAE ¢k 3:97 4] 80 : 20 71X EXE BHY:, FFzke] ¥

= 57 :43 o|th.
O &ZH TFAGDS)S B 043~6.76 yM & Wo Wz JEhdted ®
% 574 Z2FdA 88 179 ZAF A 043 M & @& ks JEHen Ha

e 585 uMATH AZE 436~717 uM Apol9] Fro]l Yepkor Tz mr
d9e ABe naizaT

DSi Y]

Date

a9 83 20119 A7 RAl] ME EXxe SFH 1A
(DSi)<] 3},
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=
ZE9 PEZL 1500~10,000 cells/L, FZEE 21,900 ~29,666
cells/Le] HLE ZA3IY. +HFL Chaetoceros pseudocrinitus7} 4%
0] Q2. ™, Chaetoceros costatus’= - Zo|gth. 2 9ol Chaetoceros<2] ThoF
Sl ZE53 Pseudonitzschia pungens7} HZE AT B R} Ao &= 7
=71 =9ton AHFE 4ol E= 28,333 cells/L, *= 39,667 cells/L. & 7}3
Zotth, F2F7E AAY 8542% 5 AA Ao JHREF HELS 145%

O 179l= F 35 Fo] TAHIJL o] T 12F9 SHRZF{FIF 54HIL
o Uz 23F8 gZ2FHY. $HEFL Chaetoceros pseudocurvisetus 52 =}
O K Z O (Chaetoceros curvisetusQtr. 2181 Chaetoceros &9 T2 ZEo] t}
T BRHUY. FIEES E3Y A Z A dEAL WoH AF

T2 EYY. AR 4o)A ES 286,000 cells/L, A=
613,200 cells/L2 7F¢ =& dAE=HFS HIomw HFH 304 ZF 384,500
cells/L, A& 421,550 cells/LE2 w2 AEHS HAFAT 99.05%<] HE&S
TZF7F 2R et e™ 0.94%7o] S HREZFAT
O 30¥ell= F 28 Fo] TAHIJL © F 1659 WX FIF 54HIL
m U A 2% FE2FAY. HFL Dictyocha speculum o™ - FL
Pseudonitzschia pungens{th. Ot THEA| 719 2 A| Chaetoceros4:2] 47} &
Aom HAZAQ AEEET EUuth FF3EES EF3H AF T xR}
A gFtom AHF 3oA4 EH 3,850 cells/L, A= 3,800 cells/LZ, A3 49
A ®Z 2500 cells/L, 42 2950 cells/LZ VieERETh 71.37%<] ¥ &L Fz2
F7F AHA st 28.62%7F kAR ZFo| AT
O 94 79 &AE ARAAE F 3BFY HEZFFIAEC FAHHJLH O
Z 5Zo] JHERFIHODH FRFI 27ZoQtk. CAZL Chaetoceros
pseudocurvisetus &} Chaetoceros didymus 2™ Pseudonitzschia pungens= Th
#HFEAT FE3H AFTY "RV 23] @S AFE BIon HH 3404
T = 261,500 cells/L, A= 254,530 cells/L2 @A=Fo] 714 =9gpon HA 4
215975 cells/L, 197,050 cells/L2] &Z#S JeRA AT 98.88%7F 727
£% AEFFIECINCH 111%9] H &S JHE X/} AFA 5T

=z

25U SAZNAE 3Fe] GHRER, 0% FERE F BF HBEF

fr

(r

O 2
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gago] #AIHJY. OF HIFTL  Chaetoceros  didymus<t  Chaetoceros
pseudocurvisetus©| Q™ 29 F-S Pseudonitzschia pungens©o|tt. HZF 7} A
o dEF dxAelrt Zlon w39 FEY WEUt ASEY =t A
4o A = 127,150 cells/L, A& 70,740 cells/Le] dA=ao| ZAIEYTL AH
38 ®Z 106,000 cells/L, A2 56,100 cells/L Ath FZE7} 99.62% 2 ThE
g AAPgon JHERZFE 037%2 e

A&

il

% 84. 2011 &A% 3 GaE =k

oy

A =

@ Real-time PCR-E ©]&3F C. polykrikoides BrolA] ZA}

O C. polykrikoides ZrolA|o] &S A AFE T3l A 23, 20113 8
2 309, 99 7o) AZ FFolA] oF 4~41 cells/Lo] MEIHEE RYon,
Real-time PCR W o2 HFIS wje 4W FHY AF siFolA 92 7Y,
99 25%Uof <F 40 cells/Lo] AEE U 20093 ~ 2011d 7|7+e] AL & &
AEe] oA FLstA 2011d 84 & ~ 99 X7k Cpoltkrikoides ot
A7t HEEHAH

ol

O_L,

g, Ade 19 41 AF2A
O C. polykrikoides o} o] A /A e &7 5L H3]7] 98] Astqt 3

=
<L short-term ~ALE HA=E AT
1 A= 2 Ay
O Apghgkoll A 2010d 62 05YHEH 8 174714 173], 2011d 59 14¥H-H
89 3U7HA 1932 F 363 XALE FASAT BSHLS FH 4, 7H E

Z(0m)e o s g/\ 1sttha ™ 85, ¥ 17, X 18)
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9 85 ANk JF A w5 44
® 17. A&gk HF2AF A LA
A} AA 2k AA
1 2010-06-05 1 2011-05-14
2 2010-06-08 2 2011-05-16
3 2010-06-13 3 2011-05-18
4 2010-06-19 4 2011-05-22
5 2010-06-25 5 2011-05-25
6 2010-07-06 6 2011-05-28
7 2010-07-09 7 2011-06-02
8 2010-07-14 8 2011-06-08
9 2010-07-17 9 2011-06-11
10 2010-07-20 10 2011-06-14
11 2010-07-25 11 2011-06-19
12 2010-08-02 12 2011-06-23
13 2010-08-06 13 2011-07-05
14 2010-08-12 14 2011-07-11
15 2010-08-17 15 2011-07-17
16 2011-07-19
17 2011-07-24
18 2011-08-03
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=4
&
2
uc)
r d
N,
ofy
[
>
oL

BN I
=4 e &, 98, 8234 (Dissolved Oxygen; DO), T =
C. polykrikoides2] @7 wrolA] 2 JfMx A&
B as g '
NEERAE 24 2 AET

B A Aa Real-time PCR =3}

FI712 AFEEtY B2 (0m) & A stew, C. polykrikoides2] Lo}
&

7198 AEEFIE YE(L20um)E ol g3t 20L T AHEA
drolAl= AP AR E Holdt= HHI real-time PCR HH-E o] &35t

O X2 §4 20L 8% =3 ABE GF/C filter2 o3 & PCl Ho=
DNAZ %239tk %% DNAE 70T B@sigon, dold FHe ¢

O 2010 AHAE 49 £ 2224~2952, HH 7S 2236~31.05C9 #HI}=
Btk 7 AH EF FACdA AR 25E AsedAT 79 144FH
Wl Ze-z Adsl 17 A 4= 23157, ?4@ 78 2486 C7HA ol Th.

w3 8Y 12¢d) EE Oﬂfzgi = Wﬁ T T4 Yol Huh(a# 86).
20119 428 18.72~27.76C<] H HPow, FA A AR A7t

Aol wet Jxp Festirh 22 ]7M Ad=e #23 Blus Hoks
A x—‘l‘ﬂ B L of 264T 2 Ho|lth
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19 86, 20108 ~2011 AgHyt GE XA Eobe) Fe W,

O 2010 HH 49 IEL 2813~34.32 psu, A 72 20.35~3342 psu]

Hats Btk AR 49 BH 79 dEAele 2A FUAR, 74 14d AR

stol Artz 9% B2 A2 F A @'l A okt 53 FH 7

o] A% 74 179 4 8¢ 129 E—O] oj-g- A vERgt (3" 87) ole

78 12 T7F FUEN HEos AEn
A& fFAAY,

ol2i3t Ayl wolAle] FAd
797 849 Frle}l glF oz QU3 3
o] =t} 2011 dE 6Y FL7HA

AlzE ek glFez Qe dEFEY Fol TRIFAUG HAH 79 9E
o] A 4K}t ¢f Yolx= AL 20109 FLFAH
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I 87. 20101 ~2011d AFeket FEZ2AMZ|ZE E9te] AE W3l

O AA 49 £ENAE 579~10.76 mg/L, B 7 576~880 mg/Le] H
35 Btk dAdez FACA SHAR Z4E ”O}Z]-E RS Bon
20103 79 149 AZTeo] e 7F99) 89 1299 HE o3 =3 A=
T TG EMNATL HolAle AEE UrEhH?iE}(:Lu 88). 2011%
4 F&ol AR dAHo g §EAAVE FHs L vl Agske FE
ZE Y

~
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-

I3 88. 2010\ ~2011 #}akwk =2 A7 7F EoF 82 Ak~ W3},

.

b} R o =N T
O 2010\ 6 5UNA 849 17U7HA] HFx2FoF dHEZXFY FEHL E8
o] 7o) wal HIEEs A4S R 87).
O 6¥x9 AZFL L. mimmuso|Poemn, 68 & o|ZXVEH = (Chaetoceros &

©
k)
o2
I
i

3k FEo A HFY Hol7t #ASAT AR 84 Fol= P
pungens FO 2 FFo] Wl o, T BHTY] +H7FY i}°1E ATt
O AA 49 A C. polykrikoides ¥ WEL ZAS A, 69 164(H 7| ZAHE
) o]F 2HT} TAlY AAE] Z7tsle] 69 199 58 cells/LE VERAA L,
64 259 22 sl wolAle <ol FA3F HAstAth sHAT 79 14Y
133 cell/Loll A 89 2¢e] HulsE 278 cells/L7kA] =2stdt}. 89 627}
2 169 cells/LA=2] =S FX 3t 8Y 11¢ BHF<o Hggo =z 4A 3
aEstgrt.

O A=A 7oA C. polykrikoides= 374 49} E}XW]—Z]E 6d 16dHEH Z=335}7|

AlFst o, O g7 dAE W e Bk Aot Bd 7Y 174 F

HEE 24 cells/LE WERARSW ZA %ﬂﬂ?ﬂ g HEe dF olF

=k B A

O 2011d 54 14UFH 8¥ 3U7kA Agnre] A4 #&F 7% F 7%
Chaetoceros Z30] -HZFo|th. dHEZFO AEZHL =zl B8 =

7 ]
£
S S BoH, $HEFQ Chaetoceros & 99 thE & % ¢3F
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ol dolvbA &t
O C. polykrikoides= 2010 69 16, 2011d 64 2¢ 12~157 cells/L ®
AZ AL e e 89 o|F At

ol

JRst.4

2011

I 89. A@gt AF 4o AEZPAET C. polykrikoides2) HAE7F 13z,

JRst.7

2011

I 90. A@gt AF 7oA AEZPAET C polykrikoides2) dAEwF 17

B
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(t}) Real-time PCRE ©]-8-3F C. polykrikoides TrolA] ZA}

0 2010 59~89 ZA} u} C. polykrikoides Hro}x| 7} H TR (580 cells/L)=
Hgom 2010d 6ol HAR|(9 cells/L)S HIT. FHAF5ZAF 717 &<k 2010
d, 2011 25 69e Ao R HolAlrt AE He AL E 5 en, A
e

f;
g
&
O,)’
"
L
rfl
2
28
51
filo
2
N
32
3
T
>
2
_Bi

=
S

=

3.

g

5

o
e
[0
)
2
ﬂllﬂl
il
=
ol
L
fr
=
do
ofo
r U
4
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29 91. 2010W3~20113 A& wt HAE=F2AF ale] C. polykrikoides2] @A wrolA] &k,
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ol #F A Ao e Ho|E =S ulg o2 C. polykrikoides] HHA T} 7}
FEILe] BALE FotetAt stk (RAW data 25 45

a9 92, 2, A8 g4 WMElel C. polykrikoides® AT W3}

F2o A%, ATk HF F£20] 19~21C HE H= Al7|ddl C. polykrikoides
o] wolA 7} #AE7] AlFE AT 2 AITE X}%E& o vmA ¢l mx

o} &AM Hz WA A7 T 1922T AER SHHE Aoz A=
<3 FA7F SAHAA. 2HEE C polykrzkozdeSA Hz A HAs &
28 19~22T o2 HAXIT AP F Ao W& 4o o], F iz vz
TE F4alol ZolAls EFF Rol7l 29 Aol VA= AR AHEHM,
< AHo BEste FRHEAF HH L2 sl Yntda HxE BAs)

o]

T FHolo] FHEAe dAlle HAHS fLoz7 TudE A7) vy =&
QM E Bt 2ot #AFE 5 AT

A AT F B9 A B B30 GRFAG UNHeR Pasg
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&

S <
polykrikoides©] 7ol FFE& FAL @iﬂﬁﬂi AL @EHEE 7= A
FAAME 3 4 F ZoE & F
3) &&AA
gt 8x 2o #E AuoA SAHE §TALT
polykrikoides2]  FFAET}  F7)8}
polykrikoides ] FYAME7} TFAdHE
= T A C. polykrikoides 3 UFA|E2] 7
7b BFHET v U S EATH

kel

7 93, A, 1A, bS] Wste}y C. polykrikoides®] WAy T W3}

=
At AZ9] DINo| 74T o|o] C. polykrikoides®] wrolA|7} TR 7] A
Fatgont, mzst &A= AgolE DINS ZUALT C. polykrikoides B
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A ZAbll A AAFAA Y ZIes gz oz2 AMEY s=EF7H C
polykrikoides WA F717F A BAEHAG. A= A FAA Y g,
del F7HA7It C. polykrikoides FXAEE F7HA7IE FARE B3-S A
o, rlxe SA T FAAE JAHY] FE7F F71et C. polykrikoides 3
FAEZ NATE F7tste BFE RAFAH
(6) Tk

Z57F obd SHHEZ RS C polykrikoides2] F 44, FAEE 4] W3l C
polykrzkozdesA DA T Ao & JTE FX ‘&—-}% Zeo g [HEGon, dA
ZAF A3 = Aol C. opolykrikoides2] 70 A
2 AaEAE 945 stk

o o

4>
iﬁi
s
41
[
jute
o
B
ok
0%
ox
flo
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2}, Cochlodinium polykrikoides®] rolAl| &} Nematodinium sp. ol &3 9
A

o Ed3= C. polykrikoides©] o}A| e} Nematodinium sp.o] 2ol 2]
AZHEE Husty ol& F F7te ATTAE ARSI

el

1) A=
O ZAF Al7]: 2010\d 59 299 ~89 17

20113 59 14¢ ~89 39

pas

it

(871241 8 RZZAF 712k WAt )
ZAL S el FF At 14 A 47)
ZAF LE 4

i

(2 2% ¢ 1 &
O 2010@ XigwrolAl 59 29URH 8Y 17L7A|  C. polykrikoidesS;
Nematodinium sp.9] WolA| o] 2dS XA 23, F £ H|3 A|7]d &
Asta 2dste FEolRu. 62 13U Nematodinium sp.7F A7 49} 7oA
Z+zF 14 cells/L, 7 cells/L2 ®Hx WA on, 69 16¥d= C
polykrikoides7} Folol ZHIIAH ™ 9NM). o] wl, Nematodinium sp.= 45
cells/L(AH 4)¢} 54 cells/L(AH 7)2 =& L2 HYh o|Foe g H
o2 AU FArtet HFoE A8 HH Haste AFS O]EW} 84
11¢ 5 )52 A i)

O AEEE SHoME AH 49 F$, TAZIZE Fube]l C. polykrikoides 7}
Nematodinium sp.o] H]8] djxor =& ZJFUEE HYXAT, 2 o9+
FAGE A=E BYT).

O 20113 59 14U A 8 3U7A|Q] C. polykrikoides}y Nematodinium sp.2]
otA] Ed ZAMAE 2010d 27 H=3 AFE JeERSIth B3 49
A 59 16 ZA} Al Nematodinium sp.2] wrolA| 7} ©bA®E & 69 2 F A}
A C. polykrikoides2] ol 7} WA= 7] Al &5t A 79 4¢ 59 14¢
Z A} Al Nematodinium sp.o] dolA 7} Wix A2 ®@ T 64 28 ZALA H
olo] C. polykrikoides ] *HolAl7} HAEHJTH HE Hd o|F =9 FHS
HEESic 7 893U FAL o]F o gt AFHOA= C polykrikoides S}
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Nematodinium sp.2] ol 7} T = A &t

O 2011 T AMELUE 2™ 2010829 AT} A 23 W=

Bt

O ool Z3= C. polykrikoides$y Nematodinium sp.7} @A FA| 9
dst7] AlFsta o3 E FANE EHYANS BYozH, T T2 234
o

JofM M2 AxF JFS & 5 J& FeE dddEn.

O 94, A@ntol| M 9] C. polykrikoides 9+ Nematodinium sp.2] WolA] &3,
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el
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C. polykrikoides®] §-7] & & 7] G %4

i

%

L
—a-

|

Al Az

1TH(Kim et al.,, 2001). o] ¢} Z&

Puerto Rico ¢QFol A
[6)

o M=

T

e 5A o}

=1
=

C. polykrikoides MARGALEF
5] 90 o (Margalef, 1961), w2, 7jrbc}, Fynl, &3

o713 glth(Hallaegraeff, 1992; Garate Lizarraga et al.,

]

7}. Cochlodinium polykrikoides2] 373373
[e]

polykrikoides ] Az wlo|] 29

A

kel

7] W Eoll F Sol Aol whet g

H7A F£Lo] Fd uwat t=2ck(Eppley, 1972; Goldman and

_Lmo

17} wro}o] M A

1

kel
pa

L —

(¢}
Carpenter, 1974). T %]

o} (Yamaguchi, 1994).

Aol 7t

R
~u
o]
A
)
=)
i
R
BH
)

&

=

=

517}

H
=

Aoz ¥ A JQth(Iwasaki, 1979).

4 T2 UHAY, tiRE 4

fox]
™

1} 4 A] 7] X 2H(Boney, 1979), ZFo wa}l A<
37 9

A

=

=

A

A

7] W&o #g

1} A

i

=K

ol

i

1= AEAA £

A
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T T Ade T FINET BT ZojA e TR fed A AFE 7
R =

O YFILHEZTIEY AFd sty AA-FE 5o F Aol o
¢ v oH(Tilman, 1982). B %0 4B EZFAEL 7] F4L FA87] ¢
A EZH F7] dEFFe] AFHARN FAHAME LZH FAIIEEE
b aiste] GYEZE o]RF F Utk AFFY FUFIES FF U
ZAN AFHE F7] Wi FUIGdel AEEHIAEY P FaF
FIE TEEY 7Hsdel dvk

O 1aAtd == 7]2AQ A& AAE wotstr] QA C. polykrikoides
of A TS HAE FL, 4% 21 FE2H H4¥S FIsHAeH,
23 EE SEvel Aol EAQ Agkd Al (phosphorus)ell o

A C. polykrikoides®] 7] & f7)
Alkaline phosphatase(APase) &4 &
shop 59l

DEEREE
(b ARzFe st o

O B a3 A¥ F9 C polykrikoidess Bl ARAE E= =y
E] pasteur pippet(ca. ¢ 50 ~ 100 im)S °]-&3slo] E AT

O " AXE oAFHF4(0.22 mm pore size, Millipore GSWP)o] 4~5
A F uj R E(TB-2800, Japan)ell ol4atflen, 43& WA= sl
A% He |42 uwtgoz 3 f/2(Guillard and Ryther, 1962)u} %] =
selenium(H,Se0;) 9] HFF =7} 0.001 uMeo] =HA H7FsA o

O fFAWIEES xS AT dEd ASst= =207,

¥

30psu)e 2, FHFL oF 300 pmol m> s'1(12L : 12D; cool-white fluorescent

fo ot

bencho| A Faslgon, A 7|7 TAEF(202 kpa, 20 min) == HZF
= F(185C, 1h)ste] AFE3Th

O Gl olgx APE 95 C. polykrikoidesS AM9 2 H|3l A HEo
2 Fa3t HEE SR, 22140 2 FS =] fEtd EE A¥Ee
clean benchol| A4 FdslFom, A 7|7+= LFETF(202 kpa, 20 min) T
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rr
)
BN
2

F(185C, 1h)ate] AM4-315lt.

(h 3 GEe) WEd Be 4PEwel W

O Wl eXE 15, 20, 25, 30T 4vHA, GE-L 15, 20, 25, 30, 35 psu
SHAE ZFS F 20 dAS] 2HA FAEE ¥E ST

O A% ZAL WAl A4F sl FREFEETL 30 psuR AGE 15
~25 psuE REFOIXFTE ISt 2EIIUeH, 35 psue AA FEA
A zAsAT

O F&, 4R FHT Wb AT R AP Frlo) HME
A8 g gol AAsgT. ¢4 £ 20T, 9% 30 psu, 300 pmol m?
stoll A wjFe dAste iAo AEZE FE 20, 25 30, 35 psul]

I
==
)

o
o o]alste] wlokstg Tt 282 20 psuq o] A Z7F 87 7ol
HERS ] e JFE HLs s

Hu:
X?L

C
Z}ztel LA T=gstA stgon, 18°c%Ei 15°C7J}X1-E 290 1TH

O Z4zre] 23 42 @AY HgEH MEE 300 mle] /2] Ao HF Al
Z2=7} 50-100 cell mI'F =2 A7E Yt 2 &, 2o 3 WA =]
AE ol&ste ME AFAREE BEIIY. BE AP triplicate2 A A
skt

o A 25 o] &3lo, 44 (exponential growth)S Ho|=

No, Ni: theAg71ol ) 2719t tA13E (day) F A1 Z(cells ml”)
At thA7E 71 Bl Al T (day)

O 84, C. polykrikoides7} AA] ATIA L EZ Z4]-2 =X
aeA ols T AFH AEE At B, 33, AERHY
o 2 motsheE Aol Basitt B Ao A E o Ao o7
A0 2 AR 97| gE AFLETe JTL 2= o7 o

g3} 2ol thgA o 2 Ll Qo

Eﬁ
Oﬁﬂ_"
&

)

Lo fe odo ue

o
i

AL og o =

i
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1=Boo+B1o -+ T+Boo » T*+Bso + T>+PBor - S+PBo - S™+Bos * S By + T - S+Pra - T - S+
Bog - T2+ Gbeveenonenen B - T" - S™+e

H] 4] & & (specific growth rate; day™)

lo OIN

U8
T: =2 (temperature; C)
S: 4

u: r

= (salinity; psu)

Bon: ?_ﬁl A A 4= (regression coefficient)

O o7l e 337 A] W57 (forward-backward  stepwise selection)

o W& F3AEAH(multiple linear regression analysis) 2 H 3] A <

(partial regression coefficient) & -3} 9 t}.

H 5}
dAr el o187 HH Aol obd, in vivo

chlorOphyll FFFT A x5 BAZ Frsto

O C. polykrikoidesS %<& 20T, @& 30 psu 2831 ZE 300 pmol m™

s'(12L: 12D; cool-white fluorescent lamp)e] ZANA HMELE <k 30 x

10° cell mI"'74A] F4470 & F&3 34 B3 o 7lA AETEUE

Z A, @FFZA (Turner Designs; Model 10)2 in vivo chlorophyll &%

ZA4 skt

3 z=7AL 10, 25, 50, 70, 100, 150, 250, 350 pmol m™ s*(QSL-2100

=
=

1
93

O e

Series Laboratory Radiometer, Biospherical Instrument Inc.)2] 6 HAZ %
datglen, fjd 13 o4 104]d FFF=AZ FHsAth AFE=
%59 BAE Lederman and Tett (1981)9] 2HL 7f=3 thS 418 o] &
stof Al bsk A

1-1,
(K, —1,)+(—1,) )

H=H,

u: ST (specific growth rate; day-1)
I : 3% (Irradiance; pmol m™ s'l)

Ic : 3] 9x] (compensation PFD; pmol m™ s™)
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I : At AFEE (maximum specific growth rate; day™)

K : ‘?_Ei}’z}’\ (half—saturation light intensity; pmol m? s'l)

Yol 48& & %37} %ﬂ-(Harrlson et al., 1989; Yamamoto and Tarutani,
d FT ARE FHsY] Aol SUE ST BAINA W

£ A4 HE T

O o] ¥ C. polykrikoidesE A4FF o] 5 yMZ E o] 3= 500 ml vf 2] ol] & &
sk Tk, w1 kAl A] 10, 20, 30, 45, 60, 90, 120, 180, 24020 z+2} ) O‘EQH% 2 5k,
A2EE STt AVIodA FFEE7F AT A S dYE FTEE =
AAIZte 2 A3t

O A9 F445 %= 250 mL v k8- 7](Nalgen Nunc. International Co., USA)
o Z+7z}+1,2,5,10,12, 15, 20 yM& A3 L1 v %] 90 mLE EF3}uct ) 22 C.
polykrikoides7} EHE v okl 10 mL(F 2,500 cells/ mL)-& F7}ate] A A7 H)
o T, vjFde Qe T E ETHE W (molybdenum blue method)d]
a2} =7 3} o} (Strickland and Parsons, 1972). v %A 7H-E A7) o] A3k A9
o] A5 o] 83 458 2% ST FFEEE A A5 FUE 5= A=
HE F39en, o] F5EE Michaelis-Menten 4o thgsle] 5% o Z4L A
#Hx o 7 golst th(Dugdale, 1967).

B G (Dnas KJE AEHE A1) HYSHe] B HFALASHO R AN

T} (Abe, 1985).
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¥ 19. Aol AFE-3F 2(phosphorus) &F<Y

Phosphorus sources Abbreviation

Adenosine 5-monophosphate AMP

Adenosine 5-diphosphate ADP

Adenosine 5-triphosphate ATP

Cytidine 5-monophosphate CMP

Fructose 6-phosphate F6P

Glucose 1-phosphate G1P

Glucose 6-phosphate G6P

Glycerophosphate Glycero-P

Ribose 5-phosphate R5P

Uridine 5-monophosphate UMP

p-phenyl phosphate Phenyl-P

Fructose 1, 6-diphosphate FDP

Metaphosphate Meta-P

Pyrophosphate Pyro-P

Tripolyphosphate Tripoly-P

Orthophosphate Ortho-P
() A=EZ2EY &2H f7] 2 771 o84
0 &EH #7] B T8 o842 Hetay] S8 A2 o Ao
A A a47 ZAEete dE FALE AW EIT
O E Ay dissolved inorganic phosphorus(DIP) 4 %, phosphomonester(PME)
8%, phosphodiester(PDE) 1% &1 oldldAl 3%FS (phosphorus) FF9L

o] &-3IATHE 20).

O ¢lo] mZHE AEZZ < 100 cells mI'7} H =S HFstgon, 2z uj g
Ao GZH o 2V]FEE °F 5 uMo| HA stk 2 A o] AL
2 94 1049 in vivo chlorophyll &% ke AT AZE=E= o

FF Fe o8t (1)

rO il
to

237 (exponential growth)2 Hol= 7|7t &

o elsf ALttt
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20. vk A3 ¢l(phosphorus) FFY

el

Phosphorus sources Abbreviation
Adenosine 5-monophosphate AMP
Adenosine 5-diphosphate ADP
Adenosine 5-triphosphate ATP
Cytidine 5-monophosphate CMP
Fructose 6-phosphate F6P
Glucose 1-phosphate G1P
Glucose 6-phosphate G6P
Glycerophosphate Glycero-P
Ribose 5-phosphate R5P
Uridine 5-monophosphate UMP
p-phenyl phosphate Phenyl-P
Fructose 1, 6-diphosphate FDP
Metaphosphate Meta-P
Pyrophosphate Pyro-P
Tripolyphosphate Tripoly-P
Orthophosphate Ortho-P
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(8h) C. polykrikoides2] alkaline phosphatase activity
O WL AK AFASE wiHoE W L1 WMAS olgsel BHuR7

T=
(log-phase) ¥7]9] MZZ 2 L #lk&7]d FEZHNZLE7} 2F 100 cells ml™
o] HA HZFs¥on, atgde 2rEEE ¢ 5 pMo] HA stk Hjke

o} FgBS 42 20Te FE 30 psu, FFE oF 300 pmol m” s'(12L : 12D;
cool-white fluorescent lamp)oll /] A A3} o}

O olE° gt g F JdRE FHAA AEZEE, A4 2831 APase &
AE2 2Adsgoen, JTUTE T2 dn % (TE2000-S, Nikon)stol A <%
3R, IAFE-S Strickland and Parsons (1972)e] uhz} v]2) 23}
APase &4 % & disodium phenylphosphate® 7| @& o]&3le] v A
skt

ol
>

i)

959] L}EM . polykrikoides’= 15 psu<] 15C E A £ 5}
2 HY oA ZFE 5T 15 psudl] =20 3 A& o] He = 0.10-0.12
day™o] ), 20 psuol A= 0.10-0.21 day™, 25 psudl A = 0.13-0.29 day™, 30 psud]
A& 0.16-0.35 day” 28] 3 35 psudl A= 0.20-0.32 day o] Gt} o] 5 HF&EE
E 47t 23 G thd contour plottinge FAsH, HUAAFEE=E 2
5C 9} 30 psucl A 0.35 day™ o] AA&E TS BYrh(d 9%). =3 A AF <
9] 85%2 A5+ 0.30 day'lO] Abol LT E 25Tl A 25-35 psud] 23
YR THE e, 1PN B 4FEES YehlE S4¢ By
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1% 95, 7k zhe) = e-ut AR o) gk C. polykrikoides &) A=A, 27+ e) ke triplicate data®) 3
o s ek )l
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35

30 e

Salinity (psu)
N
9)]
]

15 |-

Water temperature (°C)

a9 96. 247y 4= -3} ARl ek C. polykrikoides 4

72141 2] contour plot.

ol w5 g9 AlF F(sum of squares)S F A F & (total sum of squares)
Z+7} 30.5%,65.8% 21211 96.3% & AR st L 7] w9l C. polykrikoides <]
RA T, T B} T e
91T} (E 21).

¥ 21. C. polykrikoides] ¥ Ao g2 doj HAETo W2 L3 R %
AL o] &3k o] Y v %] EAHE A (two-factor ANOVA) 2 3}

Source of variation df. Sum of squares Mean square F value P value
Temperature 3 0.058 0.019 33.258 4.279E-6
Salinity 4 0124 0.031 53.866 1.441E-7
Interaction 7 0.182 0.026 45.034 1.119E-7
Error 12 0.007 5.58E-4 - -
Corrected total 19 0.189 - - -

O E3H dolx ZHE F23 B 29 addoez M3 A3, C
polykrikoides& & = AEY Z7o FaAI}G} OAAE 4T &0l 1%TE
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o felstath. Aat 3R PoH, Azl BE F3 A2 A
el B8 FohEEh ahebA Qel7l 3714 e e 2ot

11=-0,050-5+0.002 - T>+0.003-5>-0.00007597-T°-0.000035 S ™+0.0000457 - T°5-0.00003529- TS (2)
O 714 F3AAFE 0.995(F=159.819; <0.0001)2 FZ7, F¥E 281

3 X
43 w47 Be BHLLE AT FeT AR LV o83 C

polykrikoides ] 3734 A 4 (2™ 97).

1
iy $
ol

0.5
—~ 044
) °
O
o
’@‘ 0.34
£
=
o
= 024
©
o
©
2 0.1
_(% y=1.15x+0.01

’=0.84
0.0 {= T T T T
0.0 0.1 0.2 0.3 0.4 0.5

Experimented growth rate (/day)

= A&

_1[}1

a9 97. C. polykrikoides 2] o] 24 A4} 2=
&1z Alole] #A.

(W) # Zel e HPEE Wt
O 10 ymol m™ s 9] ZE | A= C. polykrikoides©] 3748+ eF %= gk, 25-100
mol m? sT A E 2 F7l9} 3 AFEEE 7169 TH0.08-0.20 day™).
150-300 pmol m™ s ol A A L& == 0.24-0.26 pmol m™ s o] ™, 150 pmol m™ s™
olake] JYEEE Ao FAIATHZE 9).

- 130 -



8 98, o8] 7FA] FFz1(12L: 12D)ell A sk C
polykrikoides 2] in vivo chlorophyll fluorescence %k.

a9 99. o] 7FA Fx30 Al C. polykrikoides 2] %

AT
=24

O v AdFHAAGHAWE F2 8 42 1=0.30-(1-15.27)/ (1+27.22), (r=0.99) =,
12 0.30 day™, Iy 15.27 pmol m™ s, K& 53.18 pmol m™ s 2 eyt th(2 &
99).

O C. polykrikoides'= 8] oFoll AFR-H o) Z2F<] 350 pmol m™ s™ o] A] QB A&
ZZAEA BRaFE 3 A3 83 (photoinhibition)& VJENIA] etk

99).
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2 xivev %__on,,.
E T o_Lzokaﬁlmmwlmﬂw_
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FEe A Aol AF22 ST F LY JUES FrokL, L2 #
TS Sl 232 Ao F v AL v dn

O Lee and Kim (2007)¢] B 1ol 2 H A 359 |5t & wet §EH &
1B FFS TG Ee] A F Ao AEEFIEY H2E A
= 8 9o Aedaa AFsdet. wEkA C polykrikoides o] 73 4
Bmuod ¢d sl e AF AS7AA WE £22 F95t 259

3
el o8 F U ZeR AAHEY. SHEER{ F K mikimotoi ot
Heterocapsa circularisquama®] 7= A &9 B J3l7l Az A9 92 F9
bz AFHCIAD 100, Aol Ash A4 glol 1% bloomg Aol &
gls ot Hastal glo
0E fR5AATL FAANH T 2ol F 5 3ok,

(th) C. polykrikoides2] 14+

O C. polykrikoidesol wh2 A4t Fr= vl G271 5E 452712 A9 v F5
252 B YA 5H0.53~0.65 pmol cell 'hr'), 602 o] A] 24082 <Fo] A ZFTh R T} &
257 A8 wobEth0.20-0.27 pmol cell'hr’; t-test, p<0.05). watA C.
polykrikoides®] FT4 = AP S A AT S 452 2 2 S THLE 101).

4

6
S 5
= °

°

5 4 e,
© °
E 3' . .
3 °
& 2
9 - °
o

1.

0

0 20 40 60 80 100 120 140 160 180
Time (min)

218 101. C. polykrikoides 2] ¢ (phosphorusp] Alg-d g X
el Al AlZbell uhe wjFel T Q14 e Wik
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12 10 M7H A = F=7F S7Hg el S-E5 =7 S0
= §A}59 T o] 2 Michaelis-Menten4] o) T 5}
(e 09022 2 AGAAE EATh o|u prae
ol tHZLE 102).

1.0
E
S 0.8 O
©
g
— 0.6
9
o
¢
s 0.4 -
Q.
=]
Q9
T 0.2+ p=0.80-S/(1.87+S)
§ ?=0.90
T 0.0 : : ; . .

0 2 4 6 8 10

Ambient phosphate concentration (uM)

a9 102, &2 F71919) UMge] wE Co polykrikoides

5 e
Q1] FFEE.

3H F Y
7152 2 (Dugdale, 1967), ©] 3ko] =S+=

FFel ha Fspde] wteH, A
A7t 2 Fo| thek 2L K, S Belth B Ao A AR C. polykrikoides &) K

Z:(1.87 uM)&  G. catenatum3} A. tamarense U= & Zholout, HEF
Skeletonema costatum 9] KZt B oh= Edt). o)} e Avj= B
A +HFJ] S, costatum B th= F71FF 7ol thE Fgtd o] Hrh= Ze 97

SHTHE 22).
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® 22. C. polykrikoidess} ThE AEFEHIAEY <l (phosphoruspl F4 5T
Ao o3 =& W v
Constants
Species References
D <pmolp;:a;11/hr) (raclieel) (i VoK

Alexandrium
tamarense 2.60 1.40 0.56 60.0 23.1 Maclsaac et al. (1979)
Cochlodinium 187 0.80 037" 519 277 This study
Gymnodinium 4 49 142 1.83 186 548  Yamamoto et al. (2004)
Gymnodinium 5 g5 1.39 127 %62 987  Oh et al. (2007)
Gymnodinium - 0.5 - - Yamaguchi and Ttakura (1999)
Chattonella g 0.14 0.60 560 29  Nakamura (1985)
Heterosigma  _ - 0.095 - - Watanabe et al. (1982)
Skeletonema g3 0.0334 0.0033 29 411 Eppley et al. (1969)

* Hiroshima strain

** South Sea strain

% Kim et al. (2007)22E <&

O Agtuko A &-F8 F7]<l(dissolved inorganic phosphorus; DIP)S] FE &=

FsHAlel B 021 yM=Z B Aol w8 KET A4E3] @2 5=

UER AT ol & 3ol DIP7F 43S Alolste 543 842 83

gokdo]l QT AHoE AT

F 9l Ao Holw, 4FL AsHE 7]
&

(2} C. polykrikoides®] &F8 #7120 & F7]¢ o874
O C. polykrikoides= 1 FFHZM Ortho-PTtE-
(dissolved organic phosphorus; DOP) 3}3&2 o83l A%
C. polykrikoides’'= PMEe]| 4] 013~0.19 day'e] A4 =S B Ortho-Po A
FETo| ok 92+12%) DIt AMP, ADP 2 ATPe Z-2 nucleotide
AL DOP =9 ¢ Ortho-Po AF&LEot fASHA WENST what
Al C. polykrikoides= DIP7} A|gHE &3 A4= DOPE ol &ste A & 7t
540l F Aer BATHY 103).
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9 108 old AR gEH ARG o) Al me C
polykrikoides("g3ll A& strain)Q] AL, A, Al AA pag= zbz)
nucleotide, PME, 18|32l DIPE <] u|slr]).

O Yamaguchi et al.(2004)= Karenia mikimotoi, Skeletonema costatum,
Heterosigma  akashiwo= *37¢& 9|84 orthophosphate, pyrophosphate,
tripolyphosphate, metaphosphate¢} %2 DIPo|9]o] ADP, ATP$ &
nucleotide Al E2] DOPE F o] &3ty X139, Oh et al. (2002)= G.
catenatum} A. tamarense’7} AAL FXA 7] Y3 A FFALZH ADP,
ATPs} & DOPE o3ty RHustgoh olfo= SHRZzF
Alexandrium  catenella(Matsuda, 1999), Chattonella ovata(Yamaguchi et al.,
2008), 7+=% Coscinodiscus wailesii(Nishikawa and Hori, 2004a), Eucampia
zodiacce(Nishikawa and Hori, 2004b) o] 5U3 Z¥E Rusiyon, B
A1l C. polykrikoides A AMP, ADP, ATP+= DIPRHE Ao a8 3o 7

o] &3lHtk. WA adenosine AlEel FFES JIFEEI  giAQ
nucleotidase TEE AEZHIEGA FEFHOZ 7[R Ye Ao=

Holw, Ad@ANA ng L7 @92 EAste Aoz dEA A
(Hodson et al., 1981), DOP % #Y3tA tiRE9 HEZHITEC] o]§ 7}
58 Aoz AMAEo. wadA C. polykrikoides= DIP7} A|gtel AN A=
DOPE o] &3t 443 7hs Aol 2 ez Bt
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(vH) C. polykrikoides®] alkaline phosphatase €41

O A=FHAEC]l DOPE o|&str] flside 7hedsl E47 dastn
orthophosphate(Ortho-P)S F&| Al A A& ©]&3}HRO-PO;H, + HO —
ROH + H3PO, ; Kuenzler and Perras, 1965). ¢|&{ gt 7}+=E3] 4= <
SgEde TRd go s, B4 esterd@e HAE o BRE
VB Esle &4 S phosphatase®t H2H, L dor HF FAHE
7} A = alkaline phosphatase(APase)$} Ao A #H A A EE 71X = acid
phosphatase2 U tH(Cembella et al, 1984; Hernandez et al., 1994). o]

olr
i mo

3 @
i

Al

% APase= sugar phosphate, nucleotide phosphate, phospholipid
(glycerophosphate)$} Z-2 phosphomonoester®] 7}=E3of 7] 5} (Price
and Morel, 1990), A EZFIEY AEZTH EQAHS HFejz ZT =
Ao AE Lot FAEARY] AAARET Z2 =2H ZA&d A F
Hajloz2 B85 7|E 3t} (Kuenzler and Perras, 1965; Cembella et al.,
1984; Wetzel, 1991). TJ%- o] APase= @AY = vjSAH-E F31o DIP
o] Zae wEl @Ado] FUtste Aoz dHA AAdEHT HAEEHIE
of MiFAFAA < AT AR F&5HA o] &=L ATt

O C. polykrikoides= M E A7

ol AYHAFF WAl DIP == A F4stH, APase Z42 HA}
F7tste AEFE Ben, AE A7Fo] A A 7|(stationary phase)ell A
] APase &Aool HAZHAJH(Z®H 104). C. polykrikoides= vj A2l DIP
57} 083 uM o wj(11¥3%), APase &Aool HZx=2 HAZHYoH, 0.70
pmol cell” hr'e] Ao &4L BEYrt.
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19 104. Sl(phosphorus)o] Ag+e wjz|ulFol A C. polykrikoides 2] A
X 4=9} alkaline phosphatease (APase) &4 2] M3}

T8 FE7F AstEE AEZER
ffese= AR daA dd. shxgk Fol we} APase’t
o2 ]

T=7F drbdAe] #E AAE B3 Aot
Oh et al. (2002)= oot Z2 dA-sE7F DIPY o847 LH3 #HHo
Nel, FF THE AFdA EEFHE Ksok FAIEE AT
O AEZHAEY 54 JISEFA dI A3 =(affinity) = IYE 5 2
AAEES AP =5E HEFJLFEKIE YEHE F UAH SkARL F
& 583 AYga] 2238 K= 1.87 tMZ APase’} @A H 7] Al Zsl=
A FEHT oF 28] EUdtt. FFANE Kset APase YA FE Alole] #7A
= HET 840 s Ze=E dAddEn 28 A9, (AT DIPY 5%
2 2HIFHES wf o] s A C. polykrikoides o] 43743} 7] 98] A= APase &
‘& o DOPE o] &% 7oz AZHAT
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. Az wlolelze] ¥al @ A An 54

1) d+ud & T84

O 20 d A AFe Yo niolal s 2 Hiolg| 2 YAtet Z2 AE 9
277 L1 o]&, o8 ATE E35lY 3 =5t vlo| ] 29 oko] &
AAPE A Bs @0 H 2L T2 E452 gl Aoz 504 gt
(Van Etten et al., 1991). %3+ & ¢F vlolel 29 & oAy 743 HH AU W=
< B5to] 243 23, 815 1 ml 2 10107 o] vpolgd 2YA7L 2R et Ao

HaE 2 g},

O ) oF vlolel 29 thREL soF AlFel 7+ E3tE bacteriophageo] 2] 2t & ¢}
of Thergh 2 (algac)oll H £ whol e} 25 o] ZA 3k 31 Zol ¥4 ok of
Ba sjokel 2R vlolzlzd] B ATE TR BY AU o A
ZgAleh 2L S0l A7olodlE, sole 20 J2ATHAA A7 o]

el

ofr

N
N
oz
fols
=
i)
L
lo
12
offt
ox
’5
et
S
o))
3,
0
NP
2
ol
o
mlo
=)
El
s

] T eR
Nagasaki and Yamaguchl 1997). &= :} FHZo= ALHL dTE
2 7S AR A2 5 Qe RS vhole 28 stk 2251 9]
(Nagasaki et al., 2004; 2005).

O QA AFET 2 &R 2F vlolglA~E P FEE double-stranded (ds)
DNA 98l g 741 Qom, fa4e 7] E3 e 44 4 olA 27w o

)
o
off o~

2 AHAQl vlolg 28] =7 Hl&| dE 27 AsS 7HAL vk 2 6t
olg 29 YA =2 7] B BEF >100 nm B} AA, E3] “At) vlo] 2] 2~ (Giant
v1rus) -3t} (Van Etten et al,, 1991; Van Etten et al., 2002). o] Z 5 nv}o| &

S Alme B AT o] Adlvtol 2= -8 Phycodnaviridae & £ 55
oA glont By A 3a ulolel o) BRE sl 2 0 Be wad 97
7} & @ 3}t (Van Etten and Ghabrial, 1991).

A Z27 vlolgizo] tigk A= vl=, vt 42 SALE o|FolA
Yo, I At g 2 F8AC HlEe Bl F GHAA gL B
ofolA AAHLR 2 AFAHEC] o] Hobo Ao FAtet U %

il

O

FBL
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Q) AYATF 2

N
olr

WESE NEPEERE
T4 A A O B 27 (algae)oll = Blo]2{2F o] A

YA stom, o2 AA APl HhT A E U3 A= H=Z (red tide)

2 Aoty 3 e Wyezx rdE duh(Hallegraeff, 1993;

Nagasaki et al., 2004; 2005).

O Y& NagasakidFEel std ulolgl 27t HxE dodle =

Heterosigma akashiwo ] A} ol Fofstal glom vlola 2o} = A

Ao 95 d&S v 3 (Nagasaki and Yamaguchi, 1997).
= A% 1 Axe Qoslt s 272 A A2 5 s A

ol o
2¢ vloleag

fr

[EUR Y= ]

Oll

ol

N
—_
2
i
i 0}

ot

EE
ao

0
ll

[¢]

Hekol 2] (Nagasaki et al., 2004; 2005; 2007; 2008)3} 1L A T}
(th) 25 soled o] AutA £

A7 A AFE T ZF dH A 27/ vlolgj2= ) HEE double-stranded (ds)
DNA F® & 7FA 2 Aok 3 A 27 08 |4 A& vtolg 20 v &}
of A 2719 AmS 7HALL v vlolE 2] A} A7) EI HE >100
nm Et} AA, £3] “Ad vlo]zi 2”2 E-t} (Van Etten et al., 1991; Van Etten
and Meints, 1999). o] & wvlo|& 29| Al Fo B A3} ) BE Phycodnaviridae 2
EF73l 9tk (Van Etten and Ghabrial, 1991). Phycodnaviridae= B2+ o. 2
dsDNA (160~560 kb)E 7}z glom, #HE £F9o ZHd o
Chlorovirus, Prasinovirus, Prymnesiovirus, Phaeovirus, Coccolithovirus,

Rapidovirus 522 FE3i).

=

(3) A= 2 =Y

p

U nlolgix BEE HSiAME o &H7} Holm Q3 =
T GEHE 28 o 5 dF = ZHFAAFL(NFRD) A EFES 7257
S XS ARz R, JHUEZF F 35709 straing ESFEUpT. T3 AF
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MA & FYe dAdezHEH HFE A
g o|&3le TEEHIE 35}, Direct Isolationg %

o] 125um filter®} 20um filter
g g
o 1 colld 2T F, FHAEAL ol &3] 24 FEE AAT F,

o>
lo

2 bacteria-free AL 75 7] 9st9] dilution
end point method & capillary methodE o] &3l L FgE AldL A A
3] H Q3 straing FERIFTHZH 105).

4ol #& coned F

13 105. Host Isolation Procedures.

() ) AotelA] A2e 2R wholg 2 Ty

O 2009 29 wXRE AzZFEte] 2010 999 =7bA] GElQte] F 47 XA}

H2%9 5mE2, uigtdl A 1m 919 AMAA a5 104
o

o]
< AFstden, corring WS Fsto FAES FEIAT. 4 2AEAH
KR

S5 Mo £33 08um fillerz AT dl5 wE AWEL FFoHol

ol 27 SFA LY lysisdF-5 BFFTh 7o lysis7h o
oo olE thA| miolE 2ol % FHANA FHAE str] S5t e
ofst mpolzj 2o 27] RS 93 lysateS 0.22um filterZ A3 F A
AEsh lysise] BAAFFol ot niolej2e] & ARE Felsten,
nlolgl 2ol &) o F7} E ™ dilution end point methodE ©] &3} ¢]
T8 vlol# & straing FH ST
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1% 106. Location of the sampling station in Namhae area.

19 107. Virus Isolation Procedures.
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th 2% uholei o] 42 AE A 54 A7

o zRuloleizd 4 AHE SHATE s g ge A
9< 4AsH9r

D 732807 (TEM) &

2 ©
Negative straining®¥ < %

~_~

O

88 WETZ B

3 miolgf o] EAARE HFEHULH, Hio]
Hzo AdE SFAZY WEFTZE 21 vlolgx #g ARE U
Aok Lysis7} dojuhr] A28t SFAEE 6417 @92 2mL4 sampling
3l 1% Glutaraldehydes} 2% OsO.2 4T, ¢AolA 1AHEQG BA A
< 3hoh. Fof 2% OsOs.2 22} L 3ku). Dehydration (10, 30, 50, 75,
80, 90, 100%(33])) TA s} Infiltration(20, 50, 70, 80, 90, 95%, 100%)EHA| =
A=A Blocks wET. (Poly/ Bed812® Embedding Kit, Polyscience, Inc)
Block-2 Trimming 3+ %, 70nm F7]& Thin-sectiondt & Uranyl Acetate
2 G, BFRdAddn ez #FsAUnh o] &, A3 lysis7t ot =
FHEZE Lead Citrate®} Uranyl AcetateZ AL sl FEFAAHAu AL

%7 % uolel 2] 44
I R e R EC - R
(e}

B g w71 A9 Al7F & virus titerE 3203t 23

e
o o
g

S 3L sd FF 2 shel WE3 4717 B WA 19 (4417)
4717k AFEE Al vrole 2 FF L shel 27ldE 4470,
12, 16, 20, 24, 28, 32, 36, 40hrs) @9 2 A =3 -2 3} 3 t}. Direct counting™

=
~

2]
~

o
s

&3t B sl SFAHAEE QAAE Foly] st A 334
countingd}g o™, BAHCZ Virus¥g 45l 39 AAHAEE EE

MPNHH 8- 0] 85} ¢ Virus titer checking&- 3} 9t}
@ g H utolg 2] sF5o|d H4F

thok &t 4:(Genus) 2] 3470 ©] Host strainell A 2 2 &) 3+ Prorocentrum minimum
Virus straing 7+ @A A A 2F7F 8215} vlola] 29 £FE o] AL zt=3] o

32 Flsher

olr
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(@) 2% 2 12

(D Heterocapsa pygmaea infecting virus (HpDNAYV)

O 20093 79 28¢ xigtgk A 13} 49] B=38|4 A|E A Heterocapsa
= i

pygmaeas 7 4 1. 54 Z¥ol
2. AW Hd

2 A= BUT WA EAsIoF 3, %
Z2RE 3¢ 2estel BT £ dolok #u, 3. &5 WIT WEL
AR =3 FFAE o, 2 S5 AW ZHokdith 4. AQj=2o] AW
off 29 %FEPH P e Hze Wiolool W e =Y
7Hdel oA fe 1S BHAT)7] Wzl o =55 FAA AL
Hpol2l A& Z2 " gotolut, 27| Aol A 022 ymellA #19 7he/d
S AAsA7 wEl mlelg 2g & 5 Qv

% 108. Heterocapsa pygmaea NF-F-GYM-SP-1. (A) W% (-V) 2
o=

0 229 dlolElat PF 5Y0] Avkw @18 lysis7h Yol AE @
st u| g Ao #EE ¢ JdAe, HEF3 HostE negative staining 3
FHRAAEn Ao Z &5 W Hoste] ZH oA < 160-170 nm7 Ee
Hpol# & FAAZF 2 A2 ™ 108).

O H. pygmaea infecting Virus (HpV)el ¥Eld EAES H™ Family

Phycodnaviridaet} Iridoviridae$} 2 &3] slolgixgtn AZEE= & 20
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M A Q1 IcosahedralF Bl & =1 JAATHZH 109).

19 109. Heterocapsa pygmaea NF-F-GYM-SP-1. (A) H. pygmaea W %59
AAd w7 Ab4l, (B) HpDNAV & & 96| gto] Avt wjFEao HA1d
g A, (C) (B)e] Wi Alxule] [ )

(D) HpDNAVE- Positively stainingé}ol Azx}E e A

-
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71 110. Heterocapsa pygmaea®) A4Ad  (A) ulo]leA~s HE3)
A & H. pygmaea NF-F-GYM-SP-1 wj %5 (@)} ulole]| 25 A=
g o (O)e] A4, (B) MPNH 2 53] virus titeB 2491

@

7

O wholal 2o YukA el B FEo| ol tF FAL 7] Sl A, 3470 9]

=
host strain@} A 2 £2] 3} vlo] 2] 25 HF 3} host AFE B2 A& HTHE

3t 2 F7F A5 At} 3FA gk Heterocapsa pygmaea ©]) 2] 2] Foll A= A3 lysis

7t EAEEA g2 AR Hop SR Fol4E 7hA L §l
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£ 23. HpDNAVY| %FEo]4 89l

Sensitivity
Class Genus and Species Strains to
HpDNAV

Bacillariophyceae  Asterionella glacialis NF-F-Asa-1 -
Chaetoceros curvisetus ME-CCS-1 -

Chaetoceros curvisetus NF-F-CCS-2 -

Skeletonema palmeriana NF-D-SPA-1 -

Skeletonema costatum ME-SCM-1 -

Chlorophyceae Dunaliella sp. PK-F-DUN-SP-1 -
Cryptomonadaceae  Rhodomonas sp. PK-F-RHO-SP-1 -
Rhodomonas sp. PK-F-RHO-SP-2 -

Rhodomonas sp. PK-F-RHO-SP-3 -

Dinophyceae Akashiwo sanguinea NF-F-AKA-1 -
Alexandrium sp. NF-F-ALE-SP-1 -

Alexandrium sp. NF-F-ALE-SP-2 -

Alexandrium catenella NF-F-ACA-1 -

Alexandrium catenella NF-F-ACA-3 -

Amphidinium carterae PK-F-ACA-1 -

C. polykrikoides NF-F-CPO-3(old) -

Gymnodinium impudicum NF-F-GIM-1 -

Gymnodinium sp. NF-F-GYM-SP-1 +

Prorocentrum minimum NF-F-PMI-1d -

Prorocentrum minimum NF-F-PMI-2 -

Prorocentrum micans NF-F-PMC-1 -

Prorocentrum micans NF-F-PMC-2 -

Euglenophyceae Eutreptia sp. NF-F-EUT-SP-1 -
Prymnesiophyceae Prymnessium parvum PK-F-Pry-SP-1 -
Raphidophyceae Heterosigma akashiwo NF-F-HAK-1 -
Heterosigma akashiwo PK-F-HAK-1 -

Heterosigma akashiwo PK-F-HAK-2 -

Chattonella antiqua NF-F-CAN-1 -

+: lysed; - not lysed.
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@ Prorocentrum minimu ©] infecting virus (PminDNAVO01)

O 20093l AAIZ ZxF wpoldx ®A Az 2009d 7/28 ARk
St1(0m), St4(0m)ol A Gymnodinium sp. <+ 20093 7/28 FY HHolA
Prorocentrum minimume] T FoA AzAdo] YElvus AL AAsAT &
g 0.22um filter2 73 & thr] JF3 AIAE 9ok T3 AxA
ol FAHATHITH 111).

O ole 1. &4 ZHd ZY E&E wFde #d3 HAddol Ao

2= 111. Prorocentrum minimum NF-F-PMI-1d. (A) Pictures of
both healthy culture (Left) and PminDNAVO1 inoculated culture
(Right) (B) Optical microscopic observation of intact cells; (C)

Optical microscopic observation of PminDNAV(l-infected cells at
120 hpi.

op T AAE 0] Z(TEM)L ©]-&3F Negative staining 2! WHEFZ T3
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O EH nlelgizt HF 590 AU &AE lysis7t dolvbe AL

s
R
£
Ar
>
do
S
o
2
N
4
M
)
i)
38,
=
§
ai)
—
o
N

Aol Hl& 200 A Q) Icosahedral Bl 2 =3l 91&S ¢ & Utk

a9 112, P. minimum NF-F-PMI-1d. (A) Transmission electron microscopic
observations of an intact cell; (B) Transmission electron microscopic observations
of PminDNAVOl-infected cells at 120 hpi,; (C) Higher magnification of square site
of (B).
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O

%

|55 Hostsl 4% Abgol wasiglon, o 54 ¥ S

o1k £ A= ™ 113).

=

a9 113, Growth Experiment. Change in the abundance of
Prorocentrum minimum NF-F-PMI-1d cells with( () or without( @
viral inoculation. PminDNAV01 was inoculated to exponentially
growing host culture. Algal cell numbers were measured by direct
counting. The assays were performed at least three times. The
number of virus starts to increase 80 hours postinoculation. Virus
titer was checked by MPN method.
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Hho] ] 28] AREA Q1 SH Q1 F 5ol doll thak &<l& 517] #I3l A, 3471 2] Host
strain} A} 2 &2 3 vhol 2] 25 HF3te] Host AHE o F-& #23{th(Table 6).
o] Ao A+&H Hoste 12/, HEXF, dARLF, JUEXR{ T 03 =
F7F AAE Ak, 8EA = Prorocentrum minimum ©] 9] 9] Fo A= A3 Lysis7} &

BEA e AO R Bol £FF 4L 7HAT Uge 5 U

£ 24. Infection specificities of Prorocentrum minimum infecting DNA virus

(PminDNAYV) against 28 strains of marine phytoplanktons

Sensitivity to

Class Genus and Species Strains PminDNAV
Bacillariophyceae Asterionella glacialis NF-F-Asa-1 -
Chaetoceros curvisetus ME-CC5-1 -
Chaetoceros curvisetus NF-F-CCS-2 -
Skeletonema palmeriana NF-D-SPA-1 -
Skeletonema costatum ME-SCM-1 -
Chlorophyceae Dunaliella sp. PK-F-DUN-SP-1 -
Cryptomonadaceae  Rhodomonas sp. PK-F-RHO-SP-1 -
Rhodomonas sp. PK-F-RHO-SP-2 -
Rhodomonas sp. PK-F-RHO-SP-3 -
Dinophyceae Akashiwo sanguinea NF-F-AKA-1 -
Alexandrium sp. NF-F-ALE-SP-1 -
Alexandrium sp. NF-F-ALE-SP-2 -
Alexandrium catenella NF-F-ACA-1 -
Alexandrium catenella NF-F-ACA-3 -
Amphidinium carterae PK-F-ACA-1 -
C. polvkrikoides NF-F-CPO-3(old) -
Gymnodinium impudicum  NF-F-GIM-1 -
Gymnodinium sp. NF-F-GYM-SP-1 -
Prorocentrum minimum NF-F-PMI-1d +
Prorocentrum minimum NF-F-PMI-2 -
Prorocentrum micans NF-F-PMC-1 -
Prorocentrum micans NF-F-PMC-2 -
Euglenophyceae Eutreptia sp. NF-F-EUT-SP-1 -
Prymnesiophyceae  Prymnessium parvum PK-F-Pry-SP-1 -
Raphidophyceae Heterosigma akashiwo NF-F-HAK-1 -
Heterosigma akashiwo PK-F-HAK-1 -
Heterosigma akashiwo PK-F-HAK-2 -
Chattonella antiqua NF-F-CAN-1 -

+: lysed; -: not lysed.
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T 6¥ 24
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=

N 34° 537 990" E 128° 14" 960"

F‘ﬂm
k

2010 74 29¢

~ g9 174 N 34° 557 35027 E 128° 14~ 29.83"

o
B

2011 949 7¢

~ 939] N 34° 537 997 E 128° 14" 96"
=

he
=
o

h =4

0 B A7HY A2 2AL Befar] sl Y UF JE ARE
A4R)E 1, ZANNUT. ARW FHe 24 SHe AWEW, 249
B )7k 021~0242 0258 2e wdFzYos B Ao 2

2 239 mxe} 23¢9 AHzUt vEbdT AfREAA xR 2 AZRA}E
zbz} 238en 2 82me] =712 FHRTHIY 115, F 26 ¥ x).

400 g1 (cm) 400 w7 (cm)
305.4 431D DE? (Approx. HH.W.)
300 2040 %331 DEF (Approx. HHW.) 300
279.2  OXBE DES (H.W.0.5.T.)
266.0 CIZBR DES (HW.05.T)
239.7 T2 0x9 (H.W.OM.T.)
227.0 EEnEL] (HW.0.M.T.)
200 200 2002 AXBR DES (H.W.ON.T.)
188.0 AXZR DEW (H.W.O.N.T.)
°
° ° ° 3 N b
g8 |8 g I N IS 1527 maae
}Z P % z y 147.0 =] (M.S.L.) Kl 2 ﬁ 2 w|g — s
2 = H < <
sl ™lE o«|z2 TlE w|E 9E
g n & o s o
a % % %} =z =z
&
1060 AZBZ HES (LW.O.N.T) 1052 £XBI MZEH (LW.ON.T)
67.0 B HES (L.W.O.M.T.) 65.7 o ME9 (LW.O.M.T.)
280  OXBE MES (LW.0.8.T) 262  UZZR HEW (LW.0.5.T)
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128° 04 7 08 “E

128° 13 " 18 “E

® 2. d7elel Q2o 24 IS B Mxsgs
D A A
B = 9 x
&=l A 34° 55727 “N 34° 55713 “N 34° 507 26 “N

128° 13 ' 36 “E

1967/09/28 1983/08/20 1990/03/14
#3571
~1967/10/27 ~1983/09/03 ~1990/05/19
2} A2y 2} A2y w2} A2y
=3
2 (cm) ) (cm) ©) (cm) )
4 M 943 250.9 80.0 245.7 87.0 249.7
A
: S 1.7 272.6 39.0 279.0 395 279.6
! Ka 16.6 169.0 16.6 190.6 15.9 173.8
O 12.2 152.7 11.4 144.4 10.3 147.2
i F2 74 8AI7E 392 8A|7F 28%- 8A|7F 378
A x4 14217} 518 1427} 408 1447} 483
ok 111 %Y 3296 294.0 305.4
28129 3008 266.0 279.2
] bR 259.1 227.0 239.7
i
;) 2174 188.0 200.2
z
R A 164.8 147.0 152.7
3 2 F AT A Z9) 112.2 106.0 1052
LI 0 70.5 67.0 65.7
s 3 B bR 28.8 28.0 26.2
o2 #] A 29 0.0 0.0 0.0
o % = 272.0 238.0 253.0
 Z 3 105.2 82.0 95.0
72} 188.6 160.0 174.0
ZA gy 021 024 021
25 TP SFEAR.
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2 BEE WA AL LA vEEa, A
eSS 59 scatter 2 ZE BEH
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g Aot 5L EATRFS SR SASE, A

BEX3es AL 4 F dth. =9 scatter 18 =
gow, ol Ay
o a3 & - A S A
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g 123). 20113 FF2] rose 1Y T E=S
J%Qi Q- Alstmw, 270°~360° wreke] Exryp A Zb
QU:], ol EFdAS BFF B FeFHI FAHSHA WE}‘“]"_%—’ ot

ol =5

I Utk LEZE scatter AW ZE EH FF I FFoA 150° wEke =z
¢ =)

o

o
(progressive vector)E 2@ 125(20094d), 124(20104) = 125(2011d)e] &
F - ASE UEHHH. FHREEELIES 279 SEAHY FHdEE 4
sporgt 4 Qlom B BAR(EIF)) DAME A4 Foprs] 4ok
JFgNA AEs AES 7IEA4E0)R st AANToRE Frlst= FHE
olty. 74 BF ARY uAHEFH} vHES
interval- > 5% 22 5&(Istep)d AA o] &A= = speed cm / sec x 300
sec / 100,000 &t AAtstA AA
km @92 ZTHEHT. WA, 200939 TF2 z7|de GAsGIT Al
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o] W& = i o=
o} HEF 9ol Aty FAGEHT. 201139 FZd WE FHFEEX
ANXE F -5 AFdA EF E53 st FHE Kol (2™ 127)
o B 272 20094, 2010d ¥ 2011d #HF3E AEE Pawlowicz et. al,
(2002)9l 93}y 7fESE T_tide ToolboxE |83l ZF Z3HEg A}

F A2 At ol ZFENEZ ZHES Foltk. WA 20091 <]
FHYLHLAFZM)E B F=(Major)S 259% cm/s ©]il ©=(Minor)S
(semi-major)#2] ZF=<2l INC&

0.206 cm/sol® AZZ(yE)Z Bl F=
17.73° o|® Phase < 16784°% BEEE R 2 o

alsta 2 g2 3 cm/s olstoltt. FEHYRIATES)E BH F=S 11
cm/s ©]™, ©EE 0495 cm/so]Z INCE 38.74°0]| 11 Phase: 21848°=Z
557 2 FAF fASY 2 3% 2 am/s olsleo|th. L FHLFE
K& BEH F2L 2612 cm/sol @& 1.057 em/so] INCE 1.71°0]
® Phase= 5256°% s&FF B AFF7F wASA vdEa I Fge 3
cm/s ol&telty, FHLLAFZ(0)E B F=L 1133 cm/soln @=L
0.650 cm/so] i INCE 50.35°¢]™ Phase® 88.72°% FHW e B %

MF7F A 3 g2 2 em/s ©]StE UENT. 2RZIE
T HANA =R/ Z7|= 5 am/s ©|EtE H|FF TFS UEIHTHIE
128). &4, 2010082 FESHAFZM)E B F=(Major)2 1432 cm/s
o]1 ©@Z(Minor)& 0524 cm/so] ™ A 2Z(y=)7 BFY ¢ FZ(semi-major)

o] Ztx ¢l INCE 166.29° ©|™ Phase < 153.32°2 M&F = B}
E

)
)
i
N
)
o
=
e
phts
filo
lo

H FE=L 0297 em/s oW, @=L 0333 cm/solx INCE 137.85°| 1
Phase= 204.50°2 HAF B FE5F7F fFASIt 2 g2 1 am/s o]3feltt
dEFHIFE2KYE HH F=52 0 S (0.345 cm/so|
INCE 157.71°¢]™ Phase= 45.96°% YAlf{ @ BE=871 2484 e
I 3 g2 1 am/s olstolth. FHEFIFEO)E EH F=2 0511 am/s
o]1 WL 0375 cm/so|il INCE 170.45°0]| % Phase: 261.37°2 Fu}3f

2 EAR 2 F5F7F ¢Alsht 2 3e 1 em/s ©]stE UERRTE o]
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Rose Graphy(% all samples) Scatter(cm/s)
Surface(2~3m) Surface(2~3m)
330
wn
c
—
o 90| 270 R IR R,
P
M
120
180 Magitude : [% all samples] 180 Magitude : [cm/s]
Middle(7~8m) Middle(7~8m) 9
33 330
=
0.
oy 90
[S—Y
M
120
180 Magitude : [% all samples] 180 Magitude : [cm/s]
Bottom(15~16m) Bottom(15~16m) __0
330
oo y
@
= "
O %) 270 §90 40 60 80 10
120 ( \
150
180 Magitude : [% all samples] Magitude : [cm/s]

1 12320100 AR (S 2)¢] 5ol mhE rose graph(#) s} scatter(-F).

- 166 -



Rose Graphy(% all samples)
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Surface
—— Middle

Bottom

180

LE 125, 20009 ARt 95 (St 1P FFe wE AR

N5 (progressive vector).

Surfae :
Middle :=——
Bottom :

60

:3:0 . 40 . 5101 90

180 Magitude : [km]
9 126, 20104 AkAe A (St 29] el whE rARESRE

L= (progressive vector).
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ke

7. ARt A2 ZRZFRNE AHgStel e djEx 27

Station Constituent Major(cm/s) Minor(cm/s) INC(angle) G(Phase)

Mz 2.594 0.206 17.73 167.84
St 1 So 1.100 0.495 38.74 218.48
Ky 2.612 1.057 1.71 52.56
O1 1.133 0.650 50.35 88.72
Mz 1.432 0.524 166.29 153.32
St 9 So 0.297 0.333 137.85 204.50
Ky 0.252 0.345 157.71 45.96
O1 0.511 0.375 170.45 261.37
Mz 2.810 0.184 85.31 111.79
St 3 So 2.053 0.745 97.76 159.19
Ky 1.323 0.481 65.25 7.55
O1 1.789 0.487 138.33 289.50
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O B F£4dq ALed 55 2dL Blumberg and Mellor(1987)¢] <

¥ POM(Princeton Ocean Model)o 2 <|ck®al olyg}l 3, HF
T dAHe F2 AL Hol ghom(Ezer et al, 2002) oln] IUA=
A 3oz AHLH vt U

POME AAZBAZR o-HEAE AFEFoEN z-F A9 @A A
g A mE AZEE AN A H(Gerdes, 1993; Winton et al,
1998; Pacanowski and Gnanadesikan, 1998)2 s Z3l¥th o-HEA = 3| A
Y& met ASAAT FAAHER ADRYEY AFHAAE Astste -3
EASe 2 AMAHEY E9F HAAHE Hok ddo A AdE ¢+
7] wWjZolvtk. ® AAEe] AAECR SHE AMESHL, time stepS
R r=(2D) 2 YR EE=EBD)E Bl Aakste split time methodE

L

AHE-SFe] AL AIZE HolM BEA BAdel wve A= Aol &

% gtk
O B $ARIYA A4E BEe $4d tE FAEE 3 PF 3349
ZREE2A B4 BRE PHAE IXD Aotk AHEE BELe d%5 3
2, % WA @ B BRE Aoz AR gttt d& wA AT
S5 AL 299 753 A - FUAA HHE BASI, 2D BE
Hgae B BEAE Zdiydis XN Al - FHHA BEXIE B
AFth BYAEE S FAlstA, f A8 983 2ASE Boussinesq ZAME AL
| o, £4 HEE A5 $AEA, 5 P, EE RE PR 44
the3 g

on  oUD aVD  dw _ (1)
ot ox oy do

= oD, oD o, oD on
W w+U[oam+ax]+V[aay+ay]+o o T o (2)

2 0 ’ ’ ’
(E)UD+(E)UUD+ (E)VUD+ an*fVD+gDﬂ+ gD /‘ [aiio_ﬂ Bp,]dg,
ot ox oy o ox 2o oxr D ox oo

_ o Bwou
doc- D oo

+F, ()

(E)VD+ (E)UVD+ (E)VVD+ oW

2 0 ’ ’ ’
ufUng@_uﬂ/ (20 _ o 9D op
ot ox oy do oy 2 oy

D oy a0’

ldo’
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=90 D a0

8TD dUTD d8VTD 8Tw o Ky oT R
+ + + =—|=—|+F,——

ot ox oy oo oo D oo 0z

K
aSD+ aUSD+ aVSD+ aSw: b5} [_HB_S

— +F
at oz 3y dc 8o D 80] s

3q2D+3Uq2D+ qu2D+ aquzi[ﬁﬁ]

ot ox oy oo oo D oo

Pl

OV, 29 o 0p  2Dg
D " oo 80) I+ o0 Hooc By tE

K
8q2€D+ BUQZKD+ qu2€D+ aquézi[_q aqu]

ot ox oy il oo D oo
DG G ey |-
*Elf(ﬁ oo | oo | |78, Birgy |~ 5 WHE
o 7|4,
t: A ZF

w : sigma & FHd= AHFEYE



: 0X 0 oy oX
P, =2 DAM( oU | ﬁ)] +2 [zDAMﬁ]
? 0X 0 0 oy oy
F =2 DAH&] i i[D H&]
X X oy oy
9)
o 7|1 A,
AM : 3 9% HA A
AH : &% dF 32t A4
Ay= Ay = e(AX)"

=

9}%5 HA A4 = Richardsone] 4/3

o % ]:]Hﬂ Z
2359 e= 0.02(C.GHE AL3YT, £ UdF I AFEs 59

=)
o}
O #AA R ARHE FHdT HAdAFE POMAA AR 27] 5
¥ AdLxd  vE3=E &  Smagorinsky type  diffusivity
(Smagorinsky, 1963)7} Al w o 4-& t}&y Zrf

EEEE

(10)

A A (staggered grid)oll £3}= Arakawa C-gridE ©]
o

flux-conservative formS. 2 JTH3}IA =#AH A &
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ab2s e w A e BHE fosid, e wHezs 73
iﬂx—‘l‘ﬁ(Finite Volume Method)& Al-€3to 2 HAZy R HEo| 7 g
8}911:]-. TH AALE ¥ e s, =3 FakgS CS(Centered Space)
ARz, A7te] e = leapfrog scheme ARSI TE 2+
Ho’ﬁ’g.Q olFfFL CsHez Mg, EF EHE WA oFF
upwind scheme® & 3|43ttt = Z time step(N)rtt} =X &= o}
2] (Asselin, 1972)0]] we} H &3} (smooth)F %1 T}

ﬁrloo

T;sz: Tn_l_%(TnJrl_ZTn_l_ TisZ*l)

(11)
714,
a=0.05
T : unsmoothed numerical solution
Ts : smoothed solution
T4 HEE 718 WA oA Courant-Friedrichs-Lewy(CFL) <3| H4 %
AL the 2
pr—
2gH, .«
o 7]1A,
Ax AR A

O & mdgdre Ats CFL 3 8 238 BHA7|= 125 AH83)
Ao F ALAELE H5LO0EAFT)S FRsSen, d5gezEs dx
71 A 90 A A F719] FRAYG FEAY FFFEAAES ALES

A
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O FALY =24 7ted F88ol W 2rlzdeze ALt Al @Al
A SlfEol fle A(cold start) o2 AF3le Ag AFEH L, 59
HARA zHozs A FAES 7t2XEs 2 fle =de, 29

quadratic stress law = . =Cp,VU"+V U

C,= gn’Az '
(12)

n : manning®] v}z A $

i

Az : bottom layer thickness (=4 HEH HS= HA F4)

L FQ 49 Ex (M2, S2, K1, O1)9] &3 =
sdrE nHste B5AE % Odamaki(1989)9] AEE Faste] A - &
2 F3, s A BtEe gle ez ST

7(_;] Z

AZz7AL MNEAAA 2 (normal)dt £%= A
3 s

O
=
ol
o
pe)
o
>
o
N
1
P
o

ol
o
—

=
advective term)¥} <=
o]

o
o

Ut : 7i9 3 Aol 3 38 $Htangential) 4%

i

Un : JR7A A 42 (normal) gt &%/

xn : 7N A 43 (normal)gt = Z (coordinate)
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7b e, e FYFdA e FERIE UEden, Atk A3
A AW 17cm/secd] EFF7F Vet AR E} AFRFE Ato]o] f&2
oz AIY e AR E 0.7=E(1 knot = 51.44cm/sec : ©F 36cm/sec)9] H-A

e =
F2 ZAMESeH, 2dd ZA3= 343cm/secd] HEAFE Yot Edeo A
Z557 FAEE 23S UERST. AR &A% AloldAe HTY
6dcm/secE BEAT = S Eo] e, 9% Zo A= 60cm/secE A S
ste ZFo] FASHA dEigen, e R = 552 Bl F FsHA
VERGTHIE 132). GxAldle AdT FF5YTFolA Hth 33em/secd]
TR7F UEL, T SYFAE FEFsa e AFYFAA=
33cm/sec ®REE] PRI VEFGT. AR ESL AFFER Abo] 3 kAR 9
AEE 07=E(%F 36cm/sec)?] PEFE ZAIFUOH, Rdy A=
27cm/secd) HERE Jo Bae 42453 fA8 292 T,
Al E o} &2 Abolol A= 57cm/secE &
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Q)
!
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o9& FAA =l

(1) 24 7He

O Az A A HxzASL F9eHel Y= AR 7HEsto sFfreel
oa] o]F -gitEo] AT BE WIS A3
O oA EHY o|F -F4E UE= ®WHole Eulerian$}t Lagrangian

W o] it} Lagrangian HWHH-S djofke] HGEAS YRS mYolgl B
al

9% 27 7 dAEol A2 SYHe

Lagrangian el &3k RS o] &3t}
O EAIbe] T3 EAle dwrdoz b wAASE FAHOR Fo|shd
A S Fete

715k =HE Monte
A AR & dokes FHel da, B

2 B
Monte Carloh§2 o] g3te] a4 BzAbe] 28 o]3ir}.

@
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=5
S
oL
it
o,
s
oo
o,
v}
2
o,
D
X
)
it
flo

= [e)
A4S &

Aol

)
int

fr

o714, U : I time stepoll AlAFE F<4, R : 493 B (random walk),

v : uniform random number(¥ #=0, & H2}=1)0|t}.

2) Az B4 A

~—~
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C zone, &7
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(7h A=A fa AzrF 2 & A -9(Case 1)
O AgrtolM f&f Hzrh A & w Ao mE Hx AR £

a9 137 vEhe. &3 HzrF 24T AlHer 29 A F, &4
7FA EAabE o] Urbe Ao 2 Vet AR A 3§

T ALZ eyt 64 B Fo} 8d Ay $F EW FEHOF U ye
HAZR FatEe] &5 G 9 ulrhdlA {3 Hx YAEe] Hole 7
Fs Btk 10d A# &, FEE} 8% FF5o2 o|Fd fiIl Hx
PAECl FF o= AR Ut 4EHY HAx AVt &A= GEo
2 e 9 AgE FH 39 A zone ¥ B zoned| 9X|gF -3
Az JA M7t 44 A3 ol oF BUE dAF #A He AR
Byttt A et A f3 HzrF 2 F, 1090 AFAsr] A FEE T
A3t AAE G55 AG7tA] @abEu, Bt Ao s fdEA o
=T}

() Pz dutntel A fal Azt 28 & A (Case 2)
O mzx gdutrdel A 8l Hzx7l HA & o AFke & Az YA
ZE " 1380 YEHAT. 3 F 5t
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C zonedll 2807} (42%)<]

[}
4
FAA B fo Y2 YA FFT YHOE FYUh

(th &A= MFA F3l dx27F 24 & H9(Case 3)
T AFNA F3l Fx7F A & u AT uE JF 4R B
E 29 1399 el At %611 A z27} ‘:M:} Aoz 2d A F,
%_

T 45709 fraf Az AR BE =]}
of, AHE dntrh, AAES FF Atele FRAA TEER VeI &
T AZA &8 FAx7F BA T AL Case 3& Case 1, Case 2 9
2 Boke W AAE FAZ 31k E zone o] 3 Az A7 v

TEH AA Ateld #2E T AT 7A FYdFHe EHS

i
r
_O|L
£

(@) Al A"ANA Al FalH 27 B & A (Case 4)

O Akl mlz <ty 85 AMFA FAlY f3 HE7F @A E oo
2 14001 YER AT Al - A BA
of f3l dxr AT A AAFHeozr 1F IFAFHE Aoz vEeElhdrt A

FE M A9 A zonedl AE AR BT f3) A2 YAt F2

: PE 9 C zonedlAle mlZ A LAY
8l A=z A7 =2 vEhva, 8% 2 D zoned A e A
T X% A S EAT FIl Az YAV SASHA VeV, AAE
A 39 E zone oAE AT ASFoA G Fl Az gAUH
T2 EXIT Z4 AFHANA 2T f Hx dAUE b 1=2A Ex5)
= A2 AR FH 319 B zoneoldl, 7MY B2 FFE YAEC]
IS X2 FilE @5 9 C zonee B UEINT. FYHoE {FY
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E 28 ARt WE 7 FHE f3 Az GA A

Case Time(Day) A zone B zone C zone D zone E zone F zone
1 106 359 17 6 0 0
2 218 256 65 92 12 0
3 233 106 126 135 0 0
4 215 60 125 210 13 0
Jaran 5 187 16 147 248 48 0
(Case 1) 6 180 50 115 205 81 0
7 171 81 67 291 16 0
8 125 96 31 347 23 0
9 176 40 30 296 36 0
10 96 87 25 309 6 0
1 78 7 282 66 0 0
2 73 31 222 186 2 0
3 48 38 276 203 0 0
4 31 65 226 189 8 0
Mijo 5 21 75 168 281 0 0
(Case 2) 6 2 88 202 257 1 0
7 0 68 243 283 2 0
8 0 44 217 262 0 0
9 0 28 295 229 0 0
10 32 61 280 167 9 0
1 0 0 17 459 0 0
2 19 33 79 421 47 0
3 45 94 102 259 88 0
4 5 122 126 135 39 0
Yokji 5 13 67 36 370 82 0
(Case 3) 6 1 67 82 349 123 0
7 8 67 73 187 119 41
8 2 74 96 275 94 45
9 21 111 109 227 48 48
10 135 58 113 150 82 48
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19 139, ArelA] fal Az} walet 4 9-(Case 1).
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19 140 mz Shulelel A fall Az7h wlE 2 9(Case 2).
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I 141, 8A% MZelA fa) Az} ualE Z$(Case 3).
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19 142, A AN BA el Axs) ubaler 79(Case 4).
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o Hx7 # 2

ghe]  FFFoAME FFFVE UEHen, AFT ASFEIZoM= HU

17cm/sec®]  EFR{7E JEHT. AlgFRe &A% AlojdA=  Hu)

64cm/secE BATF = B E0], UYFq A= 60cm/secE A TFI= T

ol AletA JVEET. tix =

33cm/sece] FE R/, W FIFoNAMT I o] AFYFAA

33cm/sec  m| kel JEFE = 2| &

57cm/sec® FEF, JEFEAE 6lom/secE FIFEE T Eo| vENNTH
9] B=AFoAE AW 8lcm/sec HEO

FR7L UEen, A 4SRN E
P

az7) F2AY FE A

2

2
=
fr
4z

EAEF, e TGF

Ho) 37cm/sece] BFFIL etk AFES AT Afo] FRoIA
28cm/sec® BAE e 585, YK AME 3Bem/secR FMF FE 5§

o] YvEldTE HxAld e AT FHYFAAE H 43cm/sec =9
FE5R, B FIFAAS FEFRIE UEReH, A#T ASHEIAA=
A 4lcm/secd FEFFRIE UEHT AMFERS SR E Apo] FR A
29cm/secd] YEF = T Eo] Vel QUEAE 27cm/secd] EE
& ste 3 Fo] vEtdth Wwk g A= 3em/sec ©|stE U EATE 24
ARl Bee Ao Yol 3dem/s HEo| BEAEFR, o] FEF
AME 23em/se] EFFFIF UEINT. AIRFES &A% Alo] F R A
55cm/s2 A8, 9 UYE = 8lcm/sE ATTst= EE o] eI
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H= A= Mol oF E7F & Z2oh =7[/AZ A
_|

7V, 3EAF W Cochlodinium polykrikoides B XA E FARI} =%

AT AE C. polykrikoides®] F-AEHAEZN FEES AIFsta, o]
T F ZHE A 2L T8 FRANA A LA SHAT

- B &) thd C. polykrikoides GFAEo A1E 3 RUEH(FE 23
hyaline M Zo] @A o5 T3

- B Eo) 938 C. polykrikoides®] FHIEA 3

ole
olr

ofl

4 A

1

Z A}

3
- 88 W3k C. polykrikoides®] FA EHE ZAIsl7] 95t Alg
o A& IPtAHHE 141).

- C. polykrikoides UM X F=+= 1,000, 2,000, 5000 cells/mlZ 3}
i, 3EE 0~10,000 ppme] W9z L7+ ARSIt

- FE g FA B FEE X5 19 B ¥ chlorophyll
< Ao iz vaste xAlst A

4>
it

=
B

a9 143, FEO gk C. polykrikoides?
TAES A7 4.

O C. polykrikoides 2] T ZFu) oF

- C. polykrikoides®] ®2]F= XA Ef 558 HAOZ AFH FFAAR
H @Aeg fFRE Fiste] thFujde &

-l 2AL LD F7]E 1212, oo

_, mlo

=
42 1 VVM, HjA|
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B F g AAeFeA £3H] AZEE 1097 200-L 7
mol SxolA wgstr] Agstel 1196 FEE HTste] APL AT
Stk

a9 144. C. polykrikoides 2] W] F (125, oF 20-L 159 A%

W Ge) W),

; 8%, 200-LyFr.<

O & 3k C. polykrikoides]
3 &4

ol
oS
X
Hd
-
2L
Se,
o
=
Hd
P
o
ox
2
ot

O A¥e Au= F 299 AA ST

- 1,000 cells/mLe] HZAE A FolA chlorophyll ¢ 32 FE F=H
(100~2,00002 0.35~047¢] HYZ Z zo|7} gz, WZHHE 0

Aol Zk 0509 HlmIlAE FEO g e wuEd oz eyt
FE F=7t 10,000 ppme 2 F7tE Z-9ol= chlorophyll a Fte] 0.052
FE 3 FA FI(FANEZE 90%)7F =L R 2 Vet
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7

- 2,000 cells/mLe] HZAAE AggFolA chlorophyll ¢ #HS FE F&
(100~2,000)2 0.85~0979] W2 thzF9 1.1xRT HEdA|g e 9
TA Z¥= vud Ao 7 VEYT. FE F%7F 10,000 ppme 2 F7
A 4ol = chlorophyll a Zto] 0.152 ZE| ﬂ]?l’ TA EI(FAEE 86%)
I =& Aoz ey

- 5000 cells/mLe] HZAE AT A chlorophyll ¢ 32 FE FTHZ
0.90~2.149] W2 thzx79 272 o @A yegn FAEZEL 18~
65%2 HAZ MEFTY F7IE FE i3 FAEEL oA

L ERSE T

- C. polykrikoides& 80% ol FAIsl7] <13k FES HH FT=

2,000 cells/mL 7]&A] 10,000 ppm o]do] HAES Hoz FAux o]/ide
Ads F5 A9 72AER F8&E Aol

ﬁa
ok

£ 29. 8E&of thdt C. polykrikoides®] A &I} (chlorophyll a k)

A-ﬂ_Lll:E

FEST=(ppm) —
1,000 cells/mL 2,000 cells/mL 5,000 cells/mL

0 0.5 1.1 2.72

100 0.46 0.97 214

200 0.46 0.89 1.87

500 047 0.89 1.60
1,000 047 0.86 1.44
2,000 0.35 0.85 1.68
10,000 0.05 0.15 0.90

O olHF AE B AT PFAATLA o8] AAFE AP 2
A W, 200608 AR FAL Holm glo}, FE FxUL
1,000~2,000 ppm 55 o thek 50% AF o EFHE
A EI7L e Aos yEEh ot BE AX F
A Aolmz mFRUUgo H& H]%i xﬂﬂﬂh ANY Az,

At} wekA, 2006
e a-ﬁ; _w d zgzdus MEd B

242 Hgste Zol AT @

o
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= < 33 FELT 53 A
TFAME 7717 B @A C. polykrikoidesol|] <13 3] &
ol UERA fotA, FAEZEN FEE AESAL, ol i
= d¥8& T3 ATt

o~~~
—
N
=>.4=
'E
]I,
EE

- Eo Wi C. polykrikoides®] FA ATWEZ FAE7] Y] cell
culture flask(250ml, SPL)E ©¢| &3 nmlo]lmz23F AFS AYPFAHH
144).

- C. polykrikoides 49 AME FEE= 5000 cells/mLZ 3}¥L, FE=
10,000 ppme 2 A A3t Th

- GEJ i3 A ZE&E Oé“’o‘:
ZIEoE GE AX 1YW By F
PCRE o] &3t ZAlsATh

rl

=,
e

9] FZ7} 5000 cells/mL 4 wE
1748 o]&3 AH AR} real-time

e
o

a9 146, FE| 3k C. polykrikoides®] F-A| &3} nlo]ld=2 =
(":I— . q:lz%[ '75‘ : §o]—E /%]__i 1}\12_]_— '9:/ T : EQ—E AELJIL 24/\]

A 4w
).

=
=
7
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O C. polykrikoides2] wl %
- C. polykrikoides®] & F= AA Hf 458 gz HAAHT.
-8 2L LD Fr)e 1212, dlojdold2 1 VVM, A= /22 313

=

LA

g A& E 8 w5
C.

2

%__
O Eo| 3l C. polykrikoides®] FAME FA 2 FHEX A A3
:]74-

- C. polykrikoides GFAI X w3 FES &7 B JTF A= FE HX
F AHE R A gt FEA

kel
Lot
o
e
-
Ll
-
Og{:l
ol
B
v

2 C. polykrikoides G FA TS 747to]l B = UAUTH FE
AX T 24ATe] HAHS AL C. polykrikoidese] FUYATE FE AX A
ey FE7F wopd Ao g Hou, dE¥HAEE EAste AL B F
AN
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a9 147, 3o Ug C polykrikoides2] Al &3} vlolagdZ Ao wF HnlA
FF ARG - "R, o FE Y 1A F).

- ZF @AY ZEHE 94U AEE direct countinge] 7}H53tEE  direct
counting Zt ¥} real-time PCR k& &7 YellSl, AF9 AHA AZ9
A9 direct countingo] E7}538l2E real-time PCR Zk9hS E A5t T

JE MY Z7|ET FE AT UAZL Ay Fo) Gk Ee £

F o, AFL FE AX 27Vt FE AX 447

g B 7 Utk ol Hol, FE X o dAFH

=

golA 7= stAle, /98 sHol

6}

o, ASe 2 el B oo FE H4X =
T AT, 244 A3 Fol HAEE 2F 3
3}
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® 30. gEo) thdt C. polykrikoides®] A &F}(Direct counting, Real-time
PCR 7})

M ¥E% (cells/mL)

JEFE gE Ax A e Y NS | FE Y 2447 §

Direct Real-time Direct Real-time Direct Real-time

counting PCR counting PCR counting PCR

10,000 ppm
E2) 4,900 4,680 2,200 2,440 3,300 3,120
AL o
10,000
Ppm 40 2,020 840
(A<)

O HzaZEFZE o83 FAERE &4 HF A (A7 ul, 2006)

Tae | (g [araw (o) [asal (g

I3 148, FEEF), AZdviEd), AEA(G) AE(FHFTEE 200 ppm) &
Mzss W WSk a, X A5 b, AE 1L Foc, AXE 108 F

O TS A3 AF

- 8% AL rmlolmraE AY ZAE EUR AR WzzE AAE
23k tzF vjeF AejolAe e AX FIE gofsiodol & Aoz
Hr}
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ol | B | B N R B E ETD ehx| 27 xx
Steer ihen « 25 Tell ool Brh S aag
Bkl | MNT | T E | B | R0 Godo A | FINORO | N0 B N Al
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C. polykrikoides
Az oy
A e
SERRCE

@)

1
bl
X

o
ofl
rZ

m direct counting™ (SPTH) &+
m real-time PCRY 3}<
: & E50]4 DNA probe t]#}9l

by

o
L ol
18
523

Az Ao, Aalgt A kel

m97] REEAL AN (R A9)

o
= X

281X | B

Hd He J H:l

a2
% -Nje X
rZ Jﬂi

ol Fz
&y

> H

90

R GAlE L FUEA AU
Ak Az YA 48

C. polykrikoides
LTI

&3t

ods A /A 54

100

B 7] A52AE 53 27|
3ol Fi EAp-gholAl - oF A
GY-64)

0 C. polykrikoides /37
A4 29 =

120

L BY 89, 9, E
ELER IS ORI

100

EE ECERERES:
RRERENERNEC ISR
) RRERY 5
. POMe]_#]3 53] 249

23}
Ax
(2010)

gL S-S
S AGAA
o oA g g
AF ®E gk

100

n A FEEA P ol SR
A 8 Y
CwEl s (e ) A
LAz A5AY 24}

oA MA e WA/
e 87 34

100

s FREA ¥ 24
FREA o) ol FHD

m C. polykrikoides £}
Dol 37 Sl
D B AAF A

120

m A% njolm A
S G ESE L s
m F] ke A wiekdE
P RolE el F

4%

L EF AARAE A

100

m o} JJA -~ ANA Y ol
B R
R R e
o BAes A

e

CESEE

Ao} B7}

A Aol
} 37}

80

s Az A FAEEE) B}
AR AE A AYAE A
2 FEEA A4 R A A

ol oAl PA AbeA AE
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A3

AR

o

ATAL FANG R Fo A

o

32}
e

(2010)

oAz WA
AAE
L B
el g

C. polykrikoides AJEHA}
a9 Ax A

i+

110

oft

u C. polykrikoides AL SAE e
g AL e g

» Frax A @ Hyaline ¥4} 5418
L2714 QRS B 2 54 s

s EApA ] ogk FHER
¥ EARED

AR s A

ol
shel 5 WE 43
- 9

AN Awe) W Al
SRR

110

m C. polykrikoides %7] W87 1
P AR S A A g Aol
polgtetA gle] Jk A

A A RS 53 RUHY 28
P A AE S AA BYEE )

mf AR BA B SAEL] /oA 891
T

A 4 28 &l
RANT I ] N B
A A A S

)

_1

do x
rdt BN
e
Eal
i)
_1 [l
>
2
i
fljo

80

e Al

oAz A9
71& H7t A
IRl

AL Al
HAzAqE Ao 7)%
7t

50

A E Ao g%k Alo] FHUE (Au)
DRl A A Bl Rk oAy
WolA| o) & pFAlas) (A o)
moly] @ Ay AolFrt
@G Al U Ay
B A B e K R4 D)
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(1) C. polykrikoides FAEAZS
E3 Az 44 4l

(2) C. polykrikoides FTAX
B3ty Ady 7)e g1

(3) C. polykrikoides FTAX
st=d &§

4) A2AE 575 74 e AFgdd nd 7=

G

(6) AzA Al 3 7|25 A

) Azl A% ks de Hast
2) EEAEE o]&

o A1 - B 2w
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Appendix 1. O|2}8HH S FEtZ AL (THR| : uM, JR : Xt2HEh)

ZANEE == A DTN NOs3-N NO2-N NHas-N DTP POs-P DSi
2009-05-16 0.13 5.79 0.22 0.15
2009-06-25 551 0.30 2.07 0.57 0.40
2009-07-28 12.90 0.01 1.57 0.72
#ZE 2009-08-25 274 0.01 0.79 0.92 0.15
2009-09-26 3.67 0.09 114 0.87 0.45
2009-10-25 12.90 0.48 1.57 111 0.05
JR. 1 2010-10-21 0.16 1.26
2009-05-16 0.32 3.64 0.27 0.20
2009-06-25 10.13 0.09 171 0.52 0.45
= 2009-07-28 10.13 116 0.21 0.77
2009-08-25 3.67 0.07 1.50 0.92 0.15
2009-09-26 2.28 0.65 0.79 1.06 0.40
2009-10-25 6.44 0.98 0.79 0.97 0.50
2009-05-16 0.07 321 0.27 0.20
2009-06-25 3.67 0.65 11.36 0.72 0.05
2009-07-28 247 0.03 5.00 0.67
#ZE 2009-08-25 12.90 0.05 0.36 0.77 0.20
2009-09-26 10.13 0.42 1.07 0.87 0.25
2009-10-25 9.21 0.73 0.36 0.87 0.54
JR. 2 2010-10-21 0.08 116
2009-05-16 0.15 9.50 0.22 0.15
2009-06-25 3.67 0.20 7.00 0.67 0.30
= 2009-07-28 1.82 1.88 1.07 0.77
2009-08-25 11.06 0.01 0.79 0.92 0.25
2009-09-26 4.59 0.65 2.00 0.82 0.54
2009-10-25 7.36 0.98 2.07 0.87 0.54
2009-05-16 0.92 7.36 0.32 0.25
2009-06-25 0.90 0.09 2.14 0.92 0.15
2009-07-28 10.13 0.01 0.64 0.72
#ZE 2009-08-25 274 0.07 0.21 0.87 0.20
2009-09-26 8.28 0.69 157 0.92 0.54
2009-10-25 9.21 112 157 0.82 0.54
JR. 3 2010-10-21 0.04 181
2009-05-16 0.48 8.29 0.27 0.20
2009-06-25 10.13 0.40 421 0.77 0.05
= 2009-07-28 0.90 147 043 0.77
2009-08-25 10.13 0.25 0.86 1.06 0.74
2009-09-26 0.90 0.98 171 0.77 0.30
2009-10-25 8.28 1.04 043 111 0.74
> o= 2009-05-16 0.48 12.86 0.87 0.79
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JIN. T

2009-05-30 1.82 0.03 1.64 0.87 0.79

Appendix 1. A & (JR : Xt2t3tH)

ZANEE == Al DTN  NOs-N NO2-N NHas-N DTP PO4-P DSi
2009-05-30 1.82 0.03 1.64 0.87 0.79
2009-06-25 8.28 0.13 479 151 0.20
2009-07-28 551 0.03 1.36 0.77
2009-08-25 7.36 0.07 5.36 0.82 0.50
2009-09-26 3.67 0.20 3.36 2.05 149
2009-10-25 7.36 0.92 2.79 101 0.69
2010-04-28 0.12 0.63 0.40 0.27 0.07
2010-05-24 1943 1.013 0.08 0.76 0.89 0.12 0.10
2010-05-26 1924 0.080 0.50 0.14 1.29 0.22 0.66
2010-05-29 1499 1.200 0.10 0.97 0.79 0.57 6.40
2010-06-01 1932 0.027 0.02 118 0.69 0.17 439
2010-06-05 1.900 0.400 0.00 1.25 0.74 0.07 471
2010-06-08 1.893 2.320 0.22 0.35 0.99 0.17 8.89
2010-06-13 1514 0.320 0.12 0.90 0.25 0.22 449
2010-06-16  1.597 0.747 0.12 1.04 9.95 0.17 5.87
2010-06-19 1466 1.307 0.00 111 0.50 0.32 6.19
2010-06-21 1903 0.187 0.26 0.14 391 0.62 5.77

_ . 2010-06-25 1.529 0.293 0.02 0.83 0.74 0.32 7.15
e 2010-06-28 1437 0.027 0.00 2.78 0.64 0.22 9.16
2010-07-03 1.695 0.293 0.02 0.28 0.99 042 746
JR. 4 2010-07-06 1.462 0.427 0.04 0.49 0.50 0.02 481
2010-07-09 1.348 0.453 0.00 118 0.69 0.12 6.93
2010-07-14 1971 3.707 0.14 146 0.64 0.17 7.15
2010-07-17 2.092 0.107 0.10 2.57 040 0.12 312
2010-07-20 1921 0.213 0.64 1.04 0.50 0.07 5.66
2010-07-24 2114 0.160 0.00 0.35 416 0.07 0.15
2010-07-29 2.137 0.480 0.02 0.49 1.09 0.07 0.05
2010-08-02 2.102 0.347 0.00 2.64 0.74 0.12 0.68
2010-08-06 2174 0.213 0.02 271 0.69 0.12 0.78
2010-08-12 2.398 3.387 0.10 271 7.03 0.22 9.27
2010-08-17 2131 0.027 0.14 0.49 0.84 0.22 2.68
2010-08-22 2071 0.160 0.08 0.35 193 0.02 2.02
2011-05-28 8.320 0.07 0.23 0.741 1.000 0.132 1.15
2011-06-08 0.586 0.31 0.19 1464 0.128 0.556 2.68
2011-06-23 0.039 0.27 0.35 1.825 0.077 0.079 349
2011-07-05 0.117 040 0.27 0.982 0.385 0.132 0.13

2009-05-16 0.22 11.71 0.57 0.50

2009-05-30 0.90 0.01 0.93 0.92 0.40

XMZE 2009-05-30 0.90 0.01 0.93 0.92 0.40
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2009-06-25 3.67 0.05 8.50 191 0.74

2009-07-28 6.44 0.40 171 0.72

Appendix 1. A & (JR : Xt2t3t)

AP EE &% Q| DTN NOs-N NO2-N NHs-N  DTP  POs-P DS
2009-08-25 0.90 0.07 0.29 0.92 0.40
2009-09-26 7.36 0.73 0.71 0.97 0.54
2009-10-25 6.44 0.65 2.07 121 0.59
2010-04-28 0.12 0.83 0.25 0.27 312

2010-05-29 1.633 0.400 0.10 0.76 12.08 0.17 4.60
2010-06-16  1.492 0.960 0.12 0.07 7.23 0.17 9.06

JR. 4 K& 2010-06-21 1.408 0.027 0.18 0.07 0.40 0.37 11.18
2010-06-28 1.585 0.187 0.02 3.06 153 042 10.65
2010-07-29 1.903 0.133 0.04 0.00 1.88 0.12 0.05
2011-05-28 7.305 0.15 0.15 1102 0.436 0.397 6.76
2011-06-08 1.055 0.48 031 0.982 0.590 0.026 7.63
2011-06-23 0.430 0.35 0.27 0.922 0.077 0.397 4.26
2011-07-05 0.273 1.05 0.64 1.886 0.538 0.079 10.99
2009-05-16 0.24 6.36 0.77 0.69
2009-06-25 274 0.34 443 101 0.15

— . 2009-07-28 0.90 0.01 0.00 0.82
#e 2009-08-25 274 0.03 1.86 0.87 2.52
2009-09-26 8.28 0.03 043 146 0.84

RS 2009-10-25 11.98 1.04 0.79 0.97 0.74
2009-05-16 0.17 3.07 0.32 0.25
2009-06-25 274 0.26 0.64 101 0.25

= 2009-07-28 8.28 2.05 4.36 0.77
2009-08-25 8.28 0.38 0.29 111 0.40
2009-09-26 11.06 143 121 1.86 0.69
2009-10-25 4.59 112 1.86 111 0.74
2009-05-16 0.28 436 0.57 0.50
2009-06-25 274 0.11 4.07 0.72 0.05

5= 2009-07-28 0.90 0.01 121 0.82
2009-08-25 7.36 0.01 6.86 0.77 0.40
2009-09-26 551 0.05 179 5.82 0.45

R 6 2009-10-25 8.28 0.65 1.36 0.87 0.50
2009-05-16 0.03 436 0.32 0.25
2009-06-25 3.67 0.03 1.64 0.87 0.40

= 2009-07-28 9.21 215 6.21 0.77
2009-08-25 9.21 0.48 0.93 1.06 158
2009-09-26 11.06 1.00 1.86 181 1.88
2009-10-25 551 0.59 2.64 0.92 0.59
2009-05-16 0.20 5.00 0.32 0.25
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IR 7 5= 2009-05-30 3.67 0.01 12.57 0.97 0.50
2009-05-30 3.67 0.01 12.57 0.97 0.50
2009-06-01 3.67 0.01 414 0.97 0.50

Appendix 1. A & (JR : Xt2t3tH)

ZANEE == Al DTN  NOs-N NO2-N NHas-N DTP PO4-P DSi
2009-06-03 459 0.01 157 101 0.40
2009-06-05 4.59 0.01 5.86 0.97 0.45
2009-06-07 11.98 0.73 15.21 1.06 0.45
2009-06-10 7.36 0.13 8.86 1.06 0.40
2009-06-13 2.74 0.26 457 1.16 0.40
2009-06-17 6.44 0.13 157 1.06 0.40
2009-06-20 6.44 0.05 0.36 0.77 0.40
2009-06-25 551 0.07 4.86 0.82 0.10
2009-07-28 2.74 0.01 5.14 0.82
2009-08-25 3.67 0.03 15.71 0.97 0.30
2009-09-26 7.36 0.01 0.07 1.16 2.23
2009-10-25 1.82 0.20 5.50 0.87 0.35
2010-04-28 0.10 1.18 0.25 0.22 131
2010-05-24 2481 19.949 0.14 174 1.09 0.27 2.27
2010-05-26  2.509 38.885
2010-05-29 1917 0.160 0.06 042 25.20 0.22 7.57
2010-06-01 1676 0.773 0.00 1.25 0.64 0.02 9.59
2010-06-05 1.730 0.347 0.00 132 0.74 0.07 9.27
2010-06-08 1971 0.320 0.04 0.35 1.24 0.17 6.92
2010-06-13 1394 1.707 0.12 1.04 2.62 0.02 5.96

JR. 7 HZ 2010-06-16 1.293 0.240 0.28 0.14 7.33 0.02 6.40
2010-06-19 1469 2.027 0.00 0.56 0.64 0.12 7.36
2010-06-21 1449 0.427 0.18 0.14 040 0.12 746
2010-06-25 1.565 0.293 0.08 132 0.45 0.17 9.69
2010-06-28 1411 0.427 0.04 6.11 0.99 0.17 10.33
2010-07-03 1.863 14.695 0.14 271 24.46 0.12 16.69
2010-07-06 1415 2.160 0.02 1.67 0.69 0.17 7.04
2010-07-09 1.666 0.187 0.02 1.25 941 042 6.51
2010-07-14 1.383 21.256 0.06 5.00 4.06 0.37 17.01
2010-07-17 1.297 50.166 0.10 2.29 9.06 0.22 4448
2010-07-20 1.542 6.668 148 3.96 0.59 0.02 9.27
2010-07-24 2.237 2.560 0.04 0.35 0.84 0.07 3.54
2010-07-29 2319 1.013 0.04 0.00 1.04 0.22 3.54
2010-08-02 2.060 0.533 0.00 0.56 0.54 0.22 248
2010-08-06 2.215 1974 0.04 438 1.04 0.27 2.06
2010-08-12 1493 32351 0.12 847 0.89 0.32 3249
2010-08-17 2.102 2.694 0.1 0.49 149 0.17 5.25
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2010-08-22 2.276 7.254 0.24 2.15 0.99 0.32 8.28
2011-05-28 3.242 0.11 0.07 1.343 0.231 0.556 5.64
2011-06-08 0.664 0.15 040 1.645 0.077 0.291 3.39
2011-06-23 0.195 0.27 048 2.066 0.077 0.397 5.64
Appendix 1. A & (JR : Xt2t3tH)
ZANEE == Al DTN  NOs-N NO2-N NHas-N DTP PO4-P DSi
#Z 2011-07-05 0.195 0.23 0.19 0.922 0.026 0.397 0.23
2009-05-16 0.15 4.64 0.37 0.30
2009-05-30 1.82 0.03 143 0.97 1.04
2009-05-30 1.82 0.03 143 0.97 1.04
2009-06-01 2.74 048 8.43 0.87 0.40
2009-06-03 11.06 0.07 4.00 101 0.54
2009-06-05 7.36 0.15 5.36 101 0.45
2009-06-07 11.98 0.92 10.21 0.97 0.59
2009-06-10 7.36 0.11 11.79 101 0.35
2009-06-13 551 0.34 471 0.97 0.40
2009-06-17 8.28 0.01 214 0.82 0.54
2009-06-20 6.44 0.07 0.71 344 114
2009-06-25 1.82 0.15 321 0.82 0.20
JR. 7 = 2009-07-28 3.67 0.01 121 0.82
2009-08-25 2.74 0.01 0.86 1.16 0.45
2009-09-26 9.21 0.11 0.50 151 1.19
2009-10-25 1.82 0.17 6.21 0.92 0.40
2010-04-28 0.16 0.14 16.14 0.27 2.16
2010-05-29 1542 0.373 0.12 3.06 0.54 0.22 11.60
2010-06-16 1.538 0.133 0.16 1.60 0.25 9.37
2010-06-21 1.538 0.160 0.22 0.97 0.25 047 12.03
2010-06-28 1.306 0.027 0.04 479 0.99 0.37 14.15
2010-07-29 1.996 0.347 0.22 0.28 0.59 0.32 2.98
2011-05-28 8.320 0.11 0.15 1.283 0.282 0.079 6.61
2011-06-08 0.195 0.31 0.23 1.042 0.231 0.185 9.11
2011-06-23 0.273 0.56 0.56 0.982 0.231 0.344 5.59
2011-07-05 0.117 0.19 040 1.223 0.231 0.503 6.10
2009-05-16 0.20 243 047 0.40
2009-06-25 2.74 0.13 12.07 0.77 0.40
2009-07-28 1.82 0.01 14.21 0.87
2009-08-25 3.67 0.01 7.29 0.82 0.30
2009-09-26 459 0.13 0.64 0.97 0.54
2009-10-25 3.67 0.09 157 0.87 0.00
R 8 5= 2010-04-28 0.10 0.28 0.50 0.27 0.25
2010-05-29 1.341 0.320 0.12 0.69 0.30 0.17 746
2010-06-16 1.606 0.373 0.16 0.21 0.35 0.02 948
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2010-06-21 1.738 0.133 0.18 1.39 040 0.07 5.24
2010-06-28 1.526 0.667 0.00 493 1.98 0.52 8.63
2010-07-29 1.860 0.213 0.02 0.69 0.35 293
2011-03-19 4023 0.00 0.14 1.223 0.026 0.291 4.26
2011-04-19 14.805 0.10 0.02 1.223 0.846 0.079 7.53
Appendix 1. A & (JR : Xt2t3tH)
ZANEE == Al DTN  NOs-N NO2-N NHas-N DTP PO4-P DSi
2011-05-28 5.039 0.23 0.27 1.163 0.282 0.026 3.75
o 2011-06-08 0.586 0.40 0.15 1.102 0.282 0.291 1.20
e 2011-06-23 0.352 048 0.60 1.223 0.333 0.026 421
2011-07-05 0430 0.27 0.23 1.283 0.538 0.026 0.13
2009-05-16 0.07 21.57 0.27 0.20
2009-06-25 2.74 0.09 2321 0.92 153
2009-07-28 551 2.56 114 121
2009-08-25 9.21 0.03 2.93 101 0.20
2009-09-26 3.67 0.26 1.36 141 0.89
2009-10-25 1.82 0.09 0.57 0.82 0.25
R 8 2010-04-28 0.18 0.63 0.69 0.22 2.69
2010-05-29 1.593 0.720 0.18 542 040 0.17 11.49
= 2010-06-16 1.686 0.267 0.12 0.56 0.30 0.02 8.74
2010-06-21 1.353 0.320 0.18 146 0.25 0.17 9.16
2010-06-28 1.299 0.453 0.04 2.36 0.99 0.92 12.24
2010-07-29 2194 0.187 0.52
2011-03-19 5.742 0.02 0.00 1.102 0.538 0.132 2.63
2011-04-19 11.055 0.02 0.02 1.283 0.385 0.026 7.07
2011-05-28 4.727 0.15 0.07 1.283 0.231 0.026 11.35
2011-06-08 0.117 0.23 0.27 1.163 0.282 0.132 8.55
2011-06-23 0.352 0.60 0.35 1.404 0.077 0.185 3.80
2011-07-05 0430 0.64 040 1.163 0.487 0.185 10.84
2009-05-16 0.22 343 0.27 0.20
2009-06-25 1.82 0.11 21.14 0.52 0.25
— . 2009-07-28 0.90 0.03 0.79 0.82
e 2009-08-25 2.74 0.01 1.50 1.26 0.35
2009-09-26 551 0.01 1.00 0.87 0.64
R9 2009-10-25 2.74 0.28 171 0.82 0.30
2009-05-16 0.28 393 047 0.40
2009-06-25 1.82 0.34 743 2.00 149
M= 2009-07-28 551 271 3.29 0.87
2009-08-25 1.82 0.22 5.14 240 1.24
2009-09-26 459 1.02 171 1.06 0.59
2009-10-25 3.67 0.15 5.79 1.16 0.10
2010-05-29 1.883 0.400 0.12 042 0.45 0.32 842
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2010-06-16 1.504 0.160 0.10 0.14 0.25 0.02 5.98
2010-06-21 1.510 0.640 0.18 1.67 0.35 0.07 6.51
JR. 10 HZ 2010-06-28 1.405 0.693 0.04 2.57 0.84 042 428
2010-07-29 2.066 0.267 0.06 1.60 0.84 0.07 4.39
2011-03-19 36.680 0.08 0.08 0.922 0.026 0.238 4.26
2011-04-19 10.273 0.06 0.10 1.102 0.077 0.026 8.85
Appendix 1. A & (JR : X}2tQH M) : O] X)
ZANHEAE == Al DTN NOs3-N NO2-N NHs4-N DTP POa4-P DSi
2011-05-28 0.898 0.27 0.11 1.524 0.077 0.926 3.60
e 2011-06-08 0.273 0.27 0.31 1.223 0.487 0.608 2.83
2011-06-23 0.508 0.15 0.27 1.102 0.179 0.079 2.02
2011-07-05 0.273 0.07 1.05 1.223 0.026 0.079 6.15
2010-05-29 1.310 0.107 0.16 0.07 0.40 0.22 6.72
2010-06-16  1.398 0.293 0.16 6.18 0.25 0.02 5.03
2010-06-21 1.575 0.133 0.22 2.36 0.45 0.12 7.36
JR. 10 2010-06-28 1.627 0.587 0.02 347 0.35 0.22 746
2010-07-29 1.975 0.053 0.02 2.01 0.64 0.37 5.20
X% 2011-03-19 5.195 0.14 0.02 1464 0.128 0.344 2.63
2011-04-19 8.555 0.02 0.06 1.343 0.179 0.026 8.34
2011-05-28 2461 0.07 0.11 1.584 0.282 0.238 492
2011-06-08 0.195 0.19 048 1404 0.538 0.397 482
2011-06-23 1.211 0.35 0.15 1.223 0.179 0.026 3.34
2011-07-05 0.586 0.40 0.07 0.681 0.026 0.026 7.22
2009-05-30 1.82 0.01 1.21 0.92 0.45
2009-05-30 1.82 0.01 1.21 0.62 0.45
2009-06-01 2.74 0.11 9.86 1.06 1.09
2009-06-03 7.36 0.03 2.50 1.06 0.54
o 2009-06-05 6.44 0.05 3.86 111 040
o 2009-06-07 13.83 0.20 10.86 0.92 0.40
2009-06-10 8.28 0.01 9.79 0.97 040
2009-06-13 -0.95 0.05 7.50 0.92 0.35
2009-06-17 10.13 0.09 0.50 0.87 0.35
IR 11 2009-06-20 5.51 0.01 0.36 0.82 0.50
2009-05-30 2.74 0.03 9.50 0.62 0.40
2009-05-30 2.74 0.03 9.50 0.92 0.40
2009-06-01 2.74 0.05 7.93 1.01 0.54
2009-06-03 8.28 0.03 0.93 0.97 0.45
= 2009-06-05 7.36 0.13 6.79 0.87 0.50
2009-06-07 7.36 0.11 8.57 191 149
2009-06-10 8.28 0.17 8.64 0.92 0.35
2009-06-13 2.74 0.34 3.57 1.01 0.40
2009-06-17 5.51 0.01 321 0.87 0.69
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2009-06-20 11.06 0.09 0.79 101 0.50

JR. 13 #ZE 2010-10-21 0.12 0.92

JR. 16 #Z 2010-10-21 0.06 0.57

JR. 17 #Z 2010-10-21 0.06 0.62
2011-07-26  0.664 0.19 0.19 1.524 0.077 0.238 0.54

MJ. 1 H#Z 2011-08-11 0.039 1.92 1.92 1.404 0.179 0.185 22.63

2011-08-18 0.039 0.22 0.22 1464 0.077 0.185 4.62
Appendix 1. A & (MJ : O] X, SR : AtZFE, Y] X K)

AP EE &% Q| DTN  NOs-N NO2-N NH4-N  DTP  POs-P DS
qo 20110823 0273 014 014 1765 0385 0344 16l

2011-08-29 0.430 0.18 0.18 1163 0.026 0.556 151

2011-07-26  0.117 0.27 0.27 0.801 0.077 0.767 1.35
MJ. 1 2011-08-11 0.352 0.77 0.77 1.042 0.179 0.026 13.24

X% 2011-08-18 0.586 0.52 0.52 1404 0.385 0.079 15.18
2011-08-23 1.289 0.02 0.02 1.645 0.128 0.132 4.57

2011-08-29 0.195 0.18 0.18 1.404 0.179 0.238 4.57

_ . 2011-07-21 0117 031 031 0.982 0.128 0.450 416

SR 1 #e 2011-08-05 0.273 031 0.27 0.922 0.128 0.132 431
= 2011-07-21 0.195 0.52 0.52 0.620 0.128 0.450 2.83
2011-08-05 0.742 0.27 031 0.741 0.282 0.132 431

2011-08-04 0.039 0.27 031 0.922 0.436 0.344 6.76

2011-08-17 0.273 0.10 0.10 1.404 0.026 0.344 043

H#ZE 2011-08-30 0.664 0.10 0.10 1163 0.231 0.026 548
2011-09-07 0.195 0.10 0.10 1.946 0.077 0.079 212

vl 3 2011-09-25 0.352 0.07 0.07 0.982 0.026 0.079 4.87
2011-08-04 0.117 031 0.27 1.042 0.385 0.397 7.17

2011-08-17 0.273 0.30 0.30 0.861 0.179 0.556 548

X% 2011-08-30 0.742 0.02 0.02 0.982 0.077 0.238 5.84

2011-09-07 0.430 0.35 0.35 2.127 0.026 0.132 436
2011-09-25 0.586 031 031 1.343 0.179 0.132 6.40

- 235 -



Appendix 2. S| 2tA 5! C polykrikoides, Nematodinium sp. 2| 24 (JR : Xp2ta3t)

ZAEE 43 A $2(0 YR Domgy ©FTees temeocmim s
2009-05-16  18.96 34.56 7.85
2009-06-25 2414 33.92 7.79
= 2009-07-28  23.00 32.60 7.37
2009-08-25 26.34 31.60 6.86
2009-09-26  24.39 32.81 7.60
R 1 2011-05-28 18.42 34.66 7.68 0 0
2009-05-16  16.26 34.83 7.75
2009-06-25 19.54 34.33 6.77
= 2009-07-28  21.00 33.31 4.02
2009-08-25 24.96 32.04 5.05
2009-09-26  23.05 33.04 5.18
2011-05-28 15.28 34.79 6.62 0 0
2009-05-16  18.24 34.68 7.76
2009-06-25 22.66 34.16 7.23
o= 2009-07-28  22.50 32.74 7.08
2009-08-25 26.44 31.74 6.89
2009-09-26 24.24 32.96 7.21
R 2 2011-05-28 18.00 34.73 7.65 0 0
2009-05-16  16.28 34.83 7.37
2009-06-25 20.62 34.29 7.04
M= 2009-07-28  21.00 33.37 414
2009-08-25  25.30 31.50 5.74
2009-09-26  23.02 33.20 5.85
2011-05-28 14.79 34.94 5.50 0 0
2009-05-16  18.30 34.67 7.70
2009-06-25 22.82 3414 7.11
o= 2009-07-28  22.70 32.80 7.12
2009-08-25  26.00 30.80 6.23
2009-09-26  24.20 31.90 6.63
R 3 2011-05-28 17.83 34.86 7.32 0 0
2009-05-16  16.21 34.83 7.54
2009-06-25 19.58 34.36 6.74
= 2009-07-28  20.50 33.06 3.97
2009-08-25 24.60 31.60 5.01
2009-09-26  23.70 32.00 591
2011-05-28 14.65 35.02 5.37 0 0
2009-05-16  19.33 34.63 7.97
2009-06-25 26.12 3347 8.52
IR 4 = 2009-07-28  23.50 31.10 7.31
2009-08-25  26.20 31.10 7.06
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2009-09-26 24.40 32.13 7.58
2010-05-29 18.46 33.25 7.79 0 0

Appendix 2. A & (JR : X}2t3t)

ZAEE 43 A $2(0 YR Domgy ©FTees temeocmim e
2010-06-01 22.24 33.51 7.84 0 0
2010-06-05 23.04 33.87 9.15 0 0
2010-06-08 25.26 34.24 7.63 0 0
2010-06-13 22.54 34.13 6.22 0 14
2010-06-16 24.16 34.23 7.30 17 28
2010-06-19 2411 34.32 711 22
2010-06-21 25.12 34.28 7.17 0
2010-06-25 24.09 34.29 6.60 0 19
2010-06-28 23.85 33.46 711 0 20
2010-07-03 26.33 32.91 8.52 0 0
2010-07-06 25.67 33.96 891 0 56
2010-07-09 26.44 33.99 8.63 0 20
2010-07-14 24.46 31.92 7.05 278 51
2010-07-17 23.15 33.29 6.49 116 0
2010-07-20 29.52 28.13 10.76 0 0
2010-07-25 28.77 30.83 8.30 21 9
2010-07-29 27.79 31.58 6.18 286 8
2010-08-02 29.48 31.72 7.50 237 0
2010-08-06 29.32 3242 7.89 195 19

R 4 o= 2010-08-12 26.84 32.49 5.79 0 0
2010-08-17 28.53 30.15 7.34
2010-08-22 26.97 32.66 7.55
2011-05-14 16.88 3491 7.96 0 0
2011-05-16 19.10 34.74 9.01 - -
2011-05-18 1941 34.57 9.59 0 0
2011-05-22 21.27 34.51 7.90 7 0
2011-05-25 20.39 34.57 8.28 0 0
2011-05-28 18.72 34.79 7.16 0 0
2011-06-02 20.57 34.64 7.06 60 0
2011-06-08 22.74 34.78 712 0 0
2011-06-11 22.57 34.51 7.83 51 20
2011-06-14 24.01 34.70 7.30 13 75
2011-06-19 23.60 31.10 7.21 33 11
2011-06-23 23.20 31.92 712 7 0
2011-07-05 24.16 30.83 7.30 5 5
2011-07-11 24.38 31.58 7.17 15 0
2011-07-17 23.50 29.65 7.10 48 0
2011-07-19 24.01 31.20 6.60 0 0

- 237 -



2011-07-24  24.20 3431 4.23
2011-08-03  27.76 26.56 6.83
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Appendix 2. A & (JR : X}2t3H

C. polykrikoides Nematodinium sp.

MM A ol A Q (0 ol = (9
ZNEE #5 2Al #2000 @E8%) Domgy) P 0C o

2009-05-16  18.64 34.86 7.67

2009-06-25 21.12 3441 341

2009-07-28  20.00 3214 4.49

2009-08-25  25.90 30.50 7.16

2009-09-26  23.00 32.14 5.20

2010-05-29 17.12 34.05 771 0 5
2010-06-01 - - - - -
2010-06-05 - - - - -
2010-06-08 - - - - -
2010-06-13 - - - - -
2010-06-16  19.22 34.27 3.16 6 17
2010-06-19 - - - - -
2010-06-21  20.01 3433 164 0 0
2010-06-25 - - - - -
2010-06-28  20.64 34.39 4.37 0 27
2010-07-03 - - - - -
2010-07-06 - - - - -
2010-07-09 - - - - -
2010-07-14 - - - - -
2010-07-17 - - - - -
2010-07-20 - - - - -
2010-07-25 - - - - -
2010-07-29  22.58 33.92 2.82 129 16
2010-08-02 - - - - -
2010-08-06 - - - - -
2010-08-12 - - - - -
2010-08-17 - - -

2010-08-22 - - -

2011-05-14 - - - - -
2011-05-16 - - - 0 17
2011-05-18 - - - - -
2011-05-22 - - - - -
2011-05-25 - - - - -
2011-05-28  16.85 34.95 5.27 0 0
2011-06-02  17.12 34.76 445 10 10
2011-06-08  18.54 34.78 5.65 0 0
2011-06-11 - - - - -
2011-06-14 - - - - -
2011-06-19 - - - - -
2011-06-23  18.34 34.73 6.10 9 0

R4 A

ol
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Appendix 2. A & (JR : X}2t3H

C. polykrikoides

Nematodinium sp.

ZNEE +5 YA F2(0 BE%) DOmgy ~FNE o
2011-07-05 19.22 34.27 3.16 0 0
2011-07-11 - - - - -
R 4 M= 2011-07-17 - - - - -
2011-07-19 - - - - -
2011-07-24 - - - - -
2011-08-03 - - - - -
2009-05-16  18.77 34.58 7.86
2009-06-25 24.21 33.80 7.56
= 2009-07-28  23.50 32.30 6.93
2009-08-25  25.40 32.30 7.06
2009-09-26  24.10 31.85 4.30
RS 2011-05-28 18.70 34.79 731 0 0
2009-05-16  17.42 34.82 743
2009-06-25  20.66 34.40 5.43
= 2009-07-28  20.50 33.30 2.80
2009-08-25  24.80 31.70 4.64
2009-09-26  22.90 32.40 4.88
2011-05-28  15.78 35.00 4.50 0 0
2009-05-16  18.32 34.62 8.05
2009-06-25  23.63 34.07 7.53
= 2009-07-28  24.00 32.20 6.83
2009-08-25  26.30 31.20 6.79
2009-09-26  24.40 31.80 7.48
R 6 2011-05-28 18.60 34.94 7.11 0 0
2009-05-16  16.89 34.82 7.80
2009-06-25  20.88 34.35 492
= 2009-07-28  19.50 32.90 311
2009-08-25  25.70 31.00 4.85
2009-09-26  23.80 31.90 8.10
2011-05-28 15.34 34.97 4.99 0 0
2009-05-16  19.61 34.53 7.68
2009-06-25  26.25 33.26 7.86
2009-07-28  24.00 31.20 745
2009-08-25  25.70 31.20 7.18
R 7 = 2009-09-26  24.30 32.55 7.69
2010-05-29  18.63 33.10 7.72 0 0
2010-06-01  22.36 3342 7.74 0 0
2010-06-05  24.20 33.69 8.06 0 0
2010-06-08  24.59 33.93 7.82 0 0
2010-06-13  22.88 3391 6.37 0 6
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Appendix 2. A & (JR : X}2t3H

C. polykrikoides

Nematodinium sp.

ZNEE +5 YA F2(0 BE%) DOmgy ~FE o
2010-06-16  24.66 3411 7.37 11 33
2010-06-19 2432 34.04 7.16 27
2010-06-21  24.88 34.12 7.23 0 5
2010-06-25 24.54 34.21 6.68 14 21
2010-06-28  24.09 33.35 7.32 0 21
2010-07-03  25.66 32.05 8.43 0 13
2010-07-06  27.76 32.96 8.80 0
2010-07-09 28.44 33.59 8.54 0
2010-07-14  25.46 30.93 5.76 20 30
2010-07-17  24.86 20.35 7.40 54
2010-07-20 29.21 27.85 8.47 7
2010-07-25  29.38 30.64 742
2010-07-29 28.14 30.09 6.75 93 12
2010-08-02  30.12 31.20 6.70
2010-08-06  31.05 31.44 7.30
2010-08-12  29.23 23.71 579 0 0
2010-08-17 2943 31.25 7.52

o= 2010-08-22  27.96 31.09 741
2011-05-14 19.21 34.62 8.00 0 16

R 7 2011-05-16  20.01 34.26 8.30 - -
2011-05-18 1944 34.55 9.63 0 0
2011-05-22 2133 34.34 7.50 0 0
2011-05-25  20.57 34.62 7.08 0 0
2011-05-28 19.10 34.76 7.10 0 0
2011-06-02  20.72 34.69 6.72 29 14
2011-06-08 22.61 3451 7.10 0 0
2011-06-11  23.75 34.27 7.25 158 32
2011-06-14 24.24 34.57 7.70 100 29
2011-06-19 24.01 32.01 6.99 0 11
2011-06-23  24.17 30.93 7.25 0 0
2011-07-05 24.66 30.64 7.37 29 21
2011-07-11  24.87 33.35 7.32 21 0
2011-07-17  24.75 31.72 743 54 0
2011-07-19  23.50 3242 5.70 0 0
2011-07-24  25.50 34.21 4.00 57 0
2011-08-03  24.86 20.35 7.40 0 0
2009-05-16  18.76 34.79 7.38

M= 2009-06-25 24.73 34.17 7.30
2009-07-28  21.50 33.25 5.69
2009-08-25  24.60 30.70 6.81
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Appendix 2. A & (JR : X}2t3H

C. polykrikoides Nematodinium sp.

TAPHA A o] +=2(°C) Y9&(©
[RSESIEESE Ol Al T2(C) E&E(%0) DO(mg/t) (Cells/L) (Cells/L)

2009-09-26  23.20 33.00 5.77

2010-05-29 17.17 34.03 6.24 0 0
2010-06-01 - - - - -
2010-06-05 - - - - -
2010-06-08 - - - - -
2010-06-13 - - - - -
2010-06-16  20.21 3421 5.69 6 33
2010-06-19 - - - - -
2010-06-21 20.31 3431 4.78 0 0
2010-06-25 - - - - -
2010-06-28  21.18 34.34 0.79 0 14
2010-07-03 - - - - -
2010-07-06 - - - - -
2010-07-09 - - - - -
2010-07-14 - - - - -
2010-07-17 - - - - -
2010-07-20 - - - - -
2010-07-25 - - - - -
2010-07-29  25.07 33.04 3.44 63 13
2010-08-02 - - - - -
2010-08-06 - - - - -
2010-08-12 - - - - -
2010-08-17 - - -

2010-08-22 - - -

2011-05-14 - - - - -
2011-05-16 - - - 0 0
2011-05-18 - - - - -
2011-05-22 - - - - -
2011-05-25 - - - -
2011-05-28  17.03 34.99 6.26 0
2011-06-02  19.25 34.78 5.69 0
2011-06-08  18.95 34.62 542 0
2011-06-11 - - - -
2011-06-14 - - - - -
2011-06-19 - - - - -
2011-06-23  19.78 34.85 6.26 0 0
2011-07-05  20.08 3421 5.20 78 22
2011-07-11 - - - - -
2011-07-17 - - - - -
2011-07-19 - - - - -
2011-07-24  24.60 34.10 3.53 - -

R7 A

ol

o o o
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Appendix 2. A & (JR : X}2t3H

ZAEE 45 YA $2(0) YE(k) DOmgy ©FiTere Nemeocmim e
JR. 7 XZ  2011-08-03 - - - - -
2009-05-16 1942 34.63 7.95
2009-06-25 25.42 33.70 7.84
2009-07-28 24.50 31.80 6.83
2009-08-25 25.40 31.80 7.25
2009-09-26 24.60 31.50 6.76
2010-05-29 18.24 33.44 7.53 0 5
o= 2010-06-16 23.56 34.20 7.24 28 28
2010-06-21 24.37 34.28 712 0 0
2010-06-28 23.69 33.00 7.03 0 44
2010-07-29 27.95 30.26 7.35 236 0
2011-05-28 19.17 34.79 6.95 0
2011-06-08 23.61 34.62 7.21 0
2011-06-23 23.97 33.29 7.27 0 0
R 8 2011-07-05 23.56 31.24 7.24 38 0
2009-05-16 18.11 34.79 6.85
2009-06-25 22.05 34.44 793
2009-07-28 21.00 32.08 2.07
2009-08-25 24.10 30.10 6.82
2009-09-26 23.70 34.10 5.97
2010-05-29 17.38 33.92 7.10 0
M= 2010-06-16 19.66 34.22 6.51 17
2010-06-21 2131 34.29 6.50 0
2010-06-28 22.32 34.25 3.18 0 17
2010-07-29 24.93 32.83 5.13 98 0
2011-05-28 18.02 34.90 5.34 0
2011-06-08 18.63 34.71 6.01 0
2011-06-23 19.24 34.83 6.52 0
2011-07-05 20.21 34.21 5.69 24 0
2009-05-16 19.32 34.58 7.85
2009-06-25 2411 33.97 7.55
= 2009-07-28 23.00 32.20 6.69
2009-08-25 25.30 31.20 7.04
2009-09-26 24.40 31.80 7.20
R9 2011-05-28 19.26 34.73 6.86 0 0
2009-05-16 17.57 34.80 7.16
2009-06-25 21.56 3441 7.26
= 2009-07-28 22.00 32.10 293
2009-08-25 24.70 31.10 2.76
2009-09-26 23.15 33.05 472
2011-05-28 18.06 34.84 7.06 0 0
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Appendix 2. A & (R : Xf2t3h M) : O] x)

ZAEE 45 YA $2(0) YE(k) DOmgy ©FiTere Nemeocmim e
2010-05-29 18.33 33.37 7.59 0 0
2010-06-16 23.87 34.17 713 11 11
2010-06-21 25.11 34.15 711 0 6
2010-06-28 23.93 33.11 7.24 0 14
HZ 2010-07-29 27.97 29.65 741 261 0
2011-05-28 19.02 34.74 7.28 9
2011-06-08 23.86 34.82 6.97 0
2011-06-23 2447 28.13 7.28 0 0
IR 10 2011-07-05 23.87 3247 713 12 8
2010-05-29 17.22 34.01 6.31 0 5
2010-06-16 20.08 34.21 5.20 11 17
2010-06-21 21.09 34.24 5.40 0 16
2010-06-28 21.55 34.32 3.45 0 14
XZ  2010-07-29 25.50 32.38 4.83 303 0
2011-05-28 1641 34.93 5.46 0
2011-06-08 18.37 34.11 5.82 0
2011-06-23 19.69 34.86 6.92 0 0
2011-07-05 19.66 34.22 6.51 56 6
®Z 2011-07-05 2471 32.77 7.21
R XZ 2011-07-05 19.87 34.21 6.34
2011-07-26 23.46 33.25 6.10 200 0
2011-08-11 25.51 28.70 6.86 0 0
HZ 2011-08-18 24.39 32.35 6.08 0 0
2011-08-24 22.83 31.93 6.64 42 0
M) 1 2011-08-29 22.73 31.25 6.51 0 0
2011-07-26 22.12 34.05 471 0 24
2011-08-11 2247 33.33 3.28 0 5
XZ 2011-08-18 18.40 34.23 2.25 0 0
2011-08-24 18.13 34.39 1.45 0 0
2011-08-29 17.52 34.62 2.25 0 0
2011-07-26 23.63 33.10 5.55 0 0
2011-08-11 25.61 28.67 6.77 0 0
HZ 2011-08-18 24.19 32.31 6.23 0 0
2011-08-24 22.85 31.94 6.22 6 0
M. 2 2011-08-29 22.94 31.85 6.82 0 0
2011-07-26 22.22 34.01 5.16 50 0
2011-08-11 2441 32.38 495 0 10
XMZ 2011-08-18 17.79 34.44 2.57 0 0
2011-08-24 18.17 34.30 1.59 0 10
2011-08-29 17.29 34.70 291 0 0
MJ. 3 HZ 2011-08-24 22.79 31.93 6.82 24 5

- 244 -



Appendix 2. | & (MJ : O| =, SR : AFZFE)

ZAEE 45 YA $2(0) YE(k) DOmgy ©FiTere Nemeocmim e
ML3 M= 2011-08-24 1895 3421 429 6 6
4 _EB 20110824 228 3198 6.81 17 8
M= 2011-08-24 1756 3454 2.52 0 0
2011-07-26 2324 3344 5.54 20 0
. 2011-08-11 2558 2853 6.86 0
S 0110818 2432 3234 6.56 0
e 2011-08-29 2351 3241 6.14 0 0
2011-07-26 2217 3403 481 15 0
js 20110811 1978 3420 3.30 0 0
2011-08-18 1730  34.26 271 0 0
2011-08-29 17.85 3493 341 0 0
2011-07-26 2333 3337 4.52 0 0
. 2011-08-11 2580  27.79 6.51 0 6
10 S 0110818 2416 3224 6.77 0 0
2011-08-29 2386 3178 6.34 0 0
s 0110726 2238 3392 4.99 0 0
2011-08-11 1844 3416 3.88 0 0
wo1o  xm 2010818 1815 3452 241 0 0
2011-08-29 1759 3417 261 0 0
2010-07-27 2486 3224 7.33 69 0
2010-08-27 2542 3158 7.30
EZ 2010-09-16 2507 3001  10.13
2011-07-21 2416 3423 7.30
1 2011-08-05 2451 3351 6.73
2010-07-27 19.06 3434 5.06
2010-08-27 1888 3415 418
HMZE 2010-09-16 2099  32.65 437
2011-07-21 1922 3427 316 0 0
2011-08-05 2051  32.87 6.31 0 0
2010-08-27 2522 3168 7.20
. 2010-09-16 2506  29.95 8.99
FS 011-07-21 2466 34.20 7.37 69
. 2011-08-05 2464 3323 6.92 0
2010-08-27 1892 3424 4.49
s 20100906 2170 3230 455
2011-07-21 2008 3421 5.20 500
2011-08-05 2021 3252 5.98 0
2010-08-27 2518  31.69 7.26
3 gs 20100916 2538 3000 9.38
2011-07-21 2356 3411 7.24 0 0
2011-08-05 2431 3317 6.98 0 0
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Appendix 2. A & (SR: AFZFE, Y] : EX|K)
of

ZAEE 45 YA $2(0) YE(k) DOmgy ©FiTere Nemeocmim e
2010-08-27 19.00 34.07 4.19
SR 3 H= 2010-09-16 20.98 32.25 417
2011-07-21 20.21 34.21 5.69
2011-08-05 19.89 32.21 5.89
2010-07-27 24.67 3247 7.49 45 0
2010-08-27 2491 31.83 7.20
HZ 2010-09-16 25.92 30.05 8.75
2011-07-21 23.87 3417 713 0
SR 4 2011-08-05 2441 33.31 7.02 0
2010-07-27 19.80 34.23 5.02 155
2010-08-27 18.85 34.24 449
XMZ  2010-09-16 20.13 32.85 3.93
2011-07-21 19.66 34.22 6.51 0 0
2011-08-05 20.02 32.29 6.03 0 0
SR 5 HZ 2010-07-27 24.35 32.77 7.35 58 0
XMZ 2010-07-27 19.08 34.34 5.81 202 0
v 1 HZ 2010-08-23 26.50 3247 7.28
XZ 2010-08-23 15.17 34.74 431
YJ). 2 ®Z 2010-08-23 26.66 32.56 742
Y). 2 XZ 2010-08-23 17.42 34.00 471
2010-08-23 26.36 32.55 7.50
2011-08-04 2547 33.20 6.64 0 0
= 2011-08-17 26.19 31.33 7.28 0 0
S 2011-08-30 25.76 31.52 6.89 0 6
2011-09-07 25.15 33.76 6.91 0 0
vl 3 2011-09-25 26.31 32.57 6.01 0 0
2010-08-23 16.86 3412 440
2011-08-04 23.16 33.56 6.79 0 0
H= 2011-08-17 17.58 34.65 5.02 0
2011-08-30 21.94 34.05 5.24 8
2011-09-07 21.00 33.74 5.34 41 0
2011-09-25 23.17 33.52 6.24 0 0
2010-08-23 25.74 32.73 7.56
2011-08-04 25.03 33.22 6.76 0 7
= 2011-08-17 25.87 31.56 6.79 0 0
S 2011-08-30 24.95 31.03 6.51 0 0
Y). 4 2011-09-07 25.98 33.53 6.59 0 0
2011-09-25 24.01 32.96 5.80 0 0
2010-08-23 16.10 34.27 4.25
XMZ 2011-08-04 21.90 33.77 6.83 0 0
2011-08-17 16.13 34.75 495 0 0
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Appendix 2. A & (V) : EX| k)
o C. polykrikoides Nematodinium sp.
FAHE™E A= ol A AQ ol = (9
P £ YAl 200 GE(%) DOMmgA) P o
2011-08-30  22.85 3411 6.11 4 4
Y). 4 Y% 2011-09-07 2253 33.96 5.21 0 0
2011-09-25 23.09 33.86 6.50 0 0
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Appendix 3-1. Real-time PCR Data - Seawater Sample, Om (2009~2011, JR : X}2t3})

FAPHH Q4| Ct  Calc Conc (Cells/L) Cale Conc bl D
(copies/reaction)
JR. 1 2011-5-28 - - -
JR. 2 2011-5-28 - - -
JR. 3 2011-5-28 - - -
2009-05-31 - 20 -
2009-06-01 non-sample
2009-06-02 - 20 -
2009-06-03 non-sample
2009-06-04 - 320 -
2009-06-05 non-sample
2009-06-06 - 220 -
2009-06-07 non-sample
2009-06-08 - 367 -
2009-06-09 - 40 -
2009-06-10 non-sample
2009-06-16 - 40 -
2009-06-17 non-sample
2009-06-18 - 160 -
2009-06-19 - 433 -
2009-06-20 non-sample
2009-07-08 - 13 -
IR 4 2010-05-29 - 20 -
2010-06-16 - 11 -
2010-06-21 - 9 -
2010-06-28 - 12 -
2010-07-03 - 40 -
2010-07-06 - 24 -
2010-07-09 - 13 -
2010-07-14 - 260 -
2010-07-17 - 45 -
2010-07-20 - 60 -
2010-07-25 - 64 -
2010-07-29 - 80 -
2010-08-02 - 340 -
2010-08-06 - 20 -
2010-08-12 - 33 -
2011-5-7 - - -
2011-5-14 - - -
2011-5-16 - - -
2011-5-18 - - -

- 247 -



Appendix 3-1. A & (JR: X}2t3h

ZAPEHE QA Ct Calc Conc (Cells/L) ;alc Conc‘ H| 2
(copies/reaction)

2011-5-22 - - -

2011-5-25 - - -

2011-5-28 - - -

2011-6-2 37.28 20 0.5

2011-6-8 - - -

2011-6-11 37.17 24 0.6

2011-6-14 38.53 8 0.2

JR. 4 2011-6-19 36.48 36 0.9
2011-6-23 - - -

2011-7-5 38.53 8 0.2

2011-7-11 37.79 16 0.4

2011-7-17 38.49 8 0.2

2011-7-19 - - -

2011-7-24 30.62 80 2

2011-8-3 - - -

JR.5 2011-5-28 - - -
JR. 6 2011-5-28 - - -
2009-05-31 - 47 -
2009-06-01 - 100 -
2009-06-02 - 260 -
2009-06-03 - 40 -
2009-06-04 - 140 -
2009-06-05 - 180 -
2009-06-06 - 3713 -
2009-06-07 - 40 -
2009-06-08 - 1193 -
2009-06-09 - 220 -
2009-06-10 - - -

R 7 2009-06-16 - 53 -
2009-06-17 - 20 -
2009-06-18 - 140 -
2009-06-19 - 20 -
2009-06-20 - 20 -
2009-07-08 - 40 -
2010-05-29 - 60 -
2010-06-16 - 13 -
2010-06-21 - 9 -
2010-06-28 - 20 -
2010-07-03 - 20 -
2010-07-06 - 22 -
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2010-07-09 - 20
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Appendix 3-1. A & (JR: X}2t3h

Calc Conc
EANBSES QA Ct  Calc Conc (Cells/L) . . inl
(copies/reaction)

2010-07-14 - 67 -
2010-07-17 - 587 -
2010-07-20 - 20 -
2010-07-25 - 66 -
2010-07-29 - 100 -
2010-08-02 - 93 -
2010-08-06 - 33 -
2010-08-12 - 41 -
2011-3-19 - - -
2011-5-7 - - -
2011-5-14 - - -
2011-5-16 - - -
2011-5-18 - - -

R 7 2011-5-22 - - -
2011-5-25 - - -
2011-5-28 - - -
2011-6-2 39.61 4 0.1
2011-6-8 37.95 12 0.3
2011-6-11 34.06 212 53
2011-6-14 37.65 16 0.4
2011-6-19 3942 4 0.1
2011-6-23 - - -
2011-7-5 38.79 8 0.2

2011-7-11 414 - -
2011-7-17 41.52 - -

2011-7-19 - - -

2011-7-24 31.74 40 1

2011-8-3 - - -

2010-05-29 - 11 -
2010-06-16 - 10 -
2010-06-21 - 7 -
2010-06-28 - 60 -

R 8 2010-07-29 - 40 -
2011-4-19 - - -

2011-5-28 - - -

2011-6-8 37.28 20 0.5

2011-6-23 - - -

2011-7-5 40.31 4 0.1

IR 9 2011-4-19 - - -
2011-5-28 - - -
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JR. 10 2010-05-29 - 20 -
Appendix 3-1. A & (JR: Xj2t2t, MJ : O|X)
ZAPEHE UA| Ct Calc Conc (Cells/L) ;alc Conc‘ H| 2
(copies/reaction)

2010-06-16 - 20 -

2010-06-21 - 14 -

2010-06-28 - -

2010-07-29 - -

JR. 10 2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 39.85 4 0.1
2009-05-31 non-sample

2009-06-01 - 40 -
2009-06-02 non-sample

2009-06-03 - 32 -
2009-06-04 non-sample

2009-06-05 - 40 -
2009-06-06 non-sample

2009-06-07 - 40 -
JR. 11 2009-06-08 non-sample
2009-06-09 non-sample
2009-06-10 non-sample
2009-06-16 non-sample

2009-06-17 - 20 -
2009-06-18 non-sample
2009-06-19 non-sample

2009-06-20 - 14 -
2009-07-08 non-sample

2011-7-26 - - -

2011-8-11 - - -

MJ. 1 2011-8-18 3161 40 1

2011-8-24 2945 320 8

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

MJ. 2 2011-8-18 31.36 40 1

2011-8-24  31.26 40 1

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

MJ. 6 2011-8-18 30.09 160 4
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2011-8-24
2011-8-29

38.67
31.16

40

Appendix 3-1. A & (MJ: O], SR: AR L, V) 1 EX|K)

ZAPYE

ZA

Ct

Calc Conc (Cells/L)

Calc Conc
(copies/reaction)

H|

=

MJ.

10

2011-7-26
2011-8-11
2011-8-18
2011-8-24
2011-8-29

30.57
31.04

80
40

2

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

YJ.

2011-8-4
2011-8-17
2011-8-30

2011-9-7
2011-9-25

YJ.

2011-8-4
2011-8-17
2011-8-30

2011-9-7
2011-9-25
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Appendix 3-2. Real-time PCR Data - Seawater Sample, b-1m (2009~2011, JR : X}2t3F)

TAEH UA| Ct Calc Conc (Cells/L) ;alc Conc‘ H| 2
(copies/reaction)
JR. 1 2011-5-28 - - -
JR. 2 2011-5-28 - - -
JR. 3 2011-5-28 - - -
2010-06-16 - 8 -
2010-06-21 - 12 -
2010-06-28 - - -
2010-07-29 - 47 -
2011-5-7 - - -
2011-5-14 - - -
2011-5-16 - - -
2011-5-18 - - -
2011-5-22 - - -
2011-5-25 - - -
2011-5-28 - - -
JR. 4 2011-6-2 40.28 4 0.1
2011-6-8 - - -
2011-6-11 - - -
2011-6-14 - - -
2011-6-19 - - -
2011-6-23 - - -
2011-7-5 3942 4 0.1
2011-7-11 - - -
2011-7-17 - - -
2011-7-19 - - -
2011-7-24 39.85 0 0
2011-8-3 - - -
JR. 5 2011-5-28 - - -
JR. 6 2011-5-28 - - -
2009-05-31 non-sample
2009-06-01 - 30 -
2009-06-02 non-sample
2009-06-03 - 13 -
2009-06-04 non-sample
JR. 7 2009-06-05 - 32 -
2009-06-06 non-sample
2009-06-07 - 7 -
2009-06-08 non-sample
2009-06-09 non-sample
2009-06-10 non-sample
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Appendix 3-2. A & (JR : X}2t3h

ZAF Y

ZA

Ct

Calc Conc (Cells/L)

Calc Conc

(copies/reaction)

H|

-

JR. 7

2009-06-16
2009-06-17
2009-06-18
2009-06-19
2009-06-20
2009-07-08
2010-06-16
2010-06-21
2010-06-28
2010-07-29
2011-3-19
2011-5-7
2011-5-14
2011-5-16
2011-5-18
2011-5-22
2011-5-25
2011-5-28
2011-6-2
2011-6-8
2011-6-11
2011-6-14
2011-6-19
2011-6-23
2011-7-5
2011-7-11
2011-7-17
2011-7-19
2011-7-24
2011-8-3

non-sample
non-sample
non-sample
non-sample
non-sample
non-sample

9

12

22

JR. 8

2010-06-16
2010-06-21
2010-06-28
2010-07-29
2011-4-19
2011-5-28
2011-6-8
2011-6-23
2011-7-5

2011-4-19
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JIN. U

2011-5-28 - -
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Appendix 3-2. A4 & (JR: X}2t2tH MJ :

0| )

Calc Conc

ZAHEHE QUA| Ct  Calc Conc (Cells/L) . . H| T
(copies/reaction)

2010-06-16 - 6 -

2010-06-21 - -

2010-06-28 - - -

2010-07-29 - 20 -

JR. 10 2011-4-19 - - -

2011-5-28 - - -

2011-6-8 - - -

2011-6-23 - - -

2011-7-5 33.09 424 10.6

2009-05-31 non-sample

2009-06-01 - 12 -
2009-06-02 non-sample

2009-06-03 - 7 -
2009-06-04 non-sample

2009-06-05 - 9 -
2009-06-06 non-sample

2009-06-07 - 6 -
JR. 11 2009-06-08 non-sample
2009-06-09 non-sample
2009-06-10 non-sample
2009-06-16 non-sample
2009-06-17 non-sample
2009-06-18 non-sample
2009-06-19 non-sample
2009-06-20 non-sample
2009-07-08 non-sample

2011-7-26 - - -

2011-8-11 - - -

MJ. 1 2011-8-18 - - -

2011-8-24 - - -

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

MJ. 2 2011-8-18 31.95 40 1

2011-8-24 - - -

2011-8-29 - - -

2011-7-26 - - -

2011-8-11 - - -

MJ. 6 2011-8-18 - - -

2011-8-24 - - -
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2011-8-29 - -
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Appendix 3-2. A & (MJ: O, SR: AL, Y X K)

ZAFEH

ZA

Ct

Calc Conc (Cells/L)

Calc Conc
(copies/reaction)

H|

-

MJ.

10

2011-7-26
2011-8-11
2011-8-18
2011-8-24
2011-8-29

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

SR.

2011-7-21
2011-8-5

Y.

2011-8-4
2011-8-17
2011-8-30

2011-9-7
2011-9-25

Y.

2011-8-4
2011-8-17
2011-8-30

2011-9-7
2011-9-25

31.08
32.02
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Appendix 3-3. Real-time PCR Data - Sediment (2009~2011, JR : Xf2t3t)

ZAFEH

ZA

Ct

Calc Conc (copies/g)

Calc Conc

(copies/reaction)

H|2

JR. 1

2009-05-16
2009-06-25
2009-07-28
2009-08-25
2009-09-26
2009-10-20
2010-03-20
2010-04-24
2011-5-28

JR. 2

2009-05-16
2009-06-25
2009-07-28
2009-08-25
2009-09-26
2009-10-20
2010-03-20
2010-04-24
2011-5-28

JR. 3

2009-05-16
2009-06-25
2009-07-28
2009-08-25
2009-09-26
2009-10-20
2010-03-20
2010-04-24
2011-5-28

JR. 4

2009-05-16
2009-06-25
2009-07-28
2009-08-25
2009-09-26
2009-10-20
2010-03-20
2010-04-24
2010-05-29
2010-06-16
2010-06-21
2010-07-27
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Appendix 3-3. A & (JR: X}2t3h

Calc Conc

X X ol i
A HA =IPN Ct Calc Conc (copies/qg) (copies/reaction)

2010-08-29 - - -
2010-09-26 - - -
2010-10-25 - - -

JR. 4 2011-5-28 - - -
2011-6-8 - - -

2011-6-23 - - -

2011-7-5 - - -

2009-05-16 - - -
2009-06-25 - - -
2009-07-28 - - -
2009-08-25 - - -
JR.5 2009-09-26 - - -
2009-10-20 - - -
2010-03-20 - - -
2010-04-24 - - -
2011-5-28 - - -

2009-05-16 - - -
2009-06-25 - - -
2009-07-28 - - -
2009-08-25 - - -
JR. 6 2009-09-26 - - -
2009-10-20 - - -
2010-03-20 - - -
2010-04-24 - - -
2011-5-28 - - -

2009-05-16 - - -
2009-06-25 - - -
2009-07-28 - 1
2009-08-25 - 2 -
2009-09-26 - - -
2009-10-20 - - -
2010-03-20 - 1
R 7 2010-04-24 - 2
2010-05-29 - 5 -
2010-06-16 - 1
2010-06-21 - 2
2010-07-27 - - -
2010-08-29 - - -
2010-09-26 - - -
2010-10-25 - - -
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2011-5-28 - -
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Appendix 3-3. A & (JR: X}2t3h

Calc Conc

X X ol i
A HA =IPN Ct Calc Conc (copies/qg) (copies/reaction)

2011-6-8 - - -
JR. 7 2011-6-23 - - -
2011-7-5 - - -

2009-05-16 - - -
2009-06-25 - 1.7 -
2009-07-28 - 1 -
2009-08-25 - 3.3 -
2009-09-26 - 2 -
2009-10-20 - - -
2010-03-20 - - -
2010-04-24 - - -
2010-05-29 - 10 -
2010-06-16 - 2 -
2010-06-21 - - -
2010-07-27 - - -
2010-08-29 - - -
2010-09-26 - - -
2010-10-25 - - -
2011-4-19 - - -
2011-5-28 - - -
2011-6-8 - - -
2011-6-23 - - -
2011-7-5 - - -

JR. 8

2009-05-16 - - -
2009-06-25 - - -
2009-07-28 - - -
2009-08-25 - - -
2009-09-26 - - -
2009-10-20 - - -
2010-03-20 - - -
2010-04-24 - - -
2011-4-19 - - -
2011-5-28 - - -

JR. 9

2009-05-16 - 1 -
2009-06-25 - 23 -
2009-07-28 - 2 -
2009-08-25 - 3 -
2009-09-26 - - -
2009-10-20 - - -
2010-03-20 - - -

JR. 10
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2010-04-24 - 2 -
Appendix 3-3. A & (JR: X}2t2kH MJ : O] x)

Calc Conc

X X ol i
A HA =IPN Ct Calc Conc (copies/qg) (copies/reaction)

2010-05-29 - 8 -
2010-06-16 - 5 -
2010-06-21 - - -
2010-07-27 - - -
2010-08-29 - - -
2010-09-26 - - -
2010-10-25 - - -
2011-4-19 - - -
2011-5-28 - - -
2011-6-8 - - -
2011-6-23 - - -
2011-7-5 - - -

JR. 10

-

2009-05-02 - 2 -
2009-08-14 - 3
2011-7-26 - - -
MJ. 1 2011-8-11 - - -
2011-8-18 - - -
2011-8-24 - - -
2011-8-29 - - -

2009-05-02 - 2 -
2009-08-14 - 1 -
2011-7-26 - - -
MJ. 2 2011-8-11 - - -
2011-8-18 - - -
2011-8-24 - - -
2011-8-29 - - -

2009-05-02 - - -
2009-08-14 - - .

MJ. 3

2009-05-02 - - -
2009-08-14 - - -

MJ. 4

2009-05-02 - - -
2009-08-14 - - -

MJ. 5

2009-05-02 - 2 -
2009-08-14 - - -
2011-7-26 - - -
MJ. 6 2011-8-11 - - -
2011-8-18 - - -
2011-8-24 - - -
2011-8-29 - - -
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MJ. 7

2009-05-02
2009-08-14

Appendix 3-3. A & (MJ: O], SR : AFZFE)

ZAFEH

ZA

Ct

Calc Conc (copies/g)

Calc Conc

(copies/reaction)

H|

=

MJ. 8

2009-05-02
2009-08-14

MJ. 9

2009-05-02
2009-08-14

MJ. 10

2009-05-02

2009-08-14
2011-7-26
2011-8-11
2011-8-18
2011-8-24
2011-8-29

MJ. 11

2009-05-02
2009-08-14

MJ. 12

2009-05-02
2009-08-14

MJ. 13

2009-05-02
2009-08-14

MJ. 14

2009-05-02
2009-08-14

MJ. 15

2009-05-02
2009-08-14

MJ. 16

2009-05-02
2009-08-14

SR. 1

2009-06-25
2009-07-26
2009-07-28
2009-08-25
2009-09-26
2009-10-25
2010-03-20
2010-04-24
2010-05-16
2010-07-27
2011-7-21
2011-8-5

<R 2

2009-06-25
2009-07-26
2009-07-28
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DI\ <~

2009-08-25 - - -

2009-09-26 - - -

2009-10-25 - - -
Appendix 3-3. | & (SR: AFZE, TY : §Y)

Calc Conc

ZAHE YA ! ' !
f o1 4| Ct  Calc Conc (copies/g) (copies/reaction)

2010-03-20 - - -
2010-04-24 - 3 }
2010-05-16 - - -
2010-07-27 - - }
2011-7-21 - - }
2011-8-5 - - i}

SR. 2

2009-06-25 - - -
2009-07-26 - - }
2009-07-28 - - }
2009-08-25 - - -
2009-09-26 - - -
2009-10-25 - - -
2010-03-20 - - -
2010-04-24 - 1 }
2010-05-16 - - -
2010-07-27 - - }
2011-7-21 - - }
2011-8-5 - - }

SR. 3

2009-06-25 - - -
2009-07-26 - - }
2009-07-28 - - }
2009-08-25 - - -
2009-09-26 - - -
2009-10-25 - - -
2010-03-20 - - -
2010-04-24 - 1 }
2010-05-16 - - -
2010-07-27 - - }
2011-7-21 - - }
2011-8-5 - . '

SR. 4

=

2010-04-12 - - }
2010-07-01 - 3 ;

TY. 1

2010-04-12 - - -
2010-07-01 - - ;

TY. 2

2010-04-12 - - -
2010-07-01 - - ;

TY. 3

2010-04-12 - - -

TV 1
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2010-07-01

TY.

5

2010-04-12
2010-07-01

TY.
Appendix 3-3. A & (TY :

6

2010-04-12

ofm
0Q

, WD : &z, Y): X|K)

ZAFEH

ZA

Ct

Calc Conc (copies/qg)

Calc Conc

(copies/reaction)

H| 2

TY.

6

2010-07-01

TY.

7

2010-04-12
2010-07-01

TY.

2010-04-12
2010-07-01

TY.

2010-04-12
2010-07-01

TY.

10

2010-04-12
2010-07-01

TY.

11

2010-04-12
2010-07-01

TY.

12

2010-04-12
2010-07-01

TY.

13

2010-04-12
2010-07-01

TY.

O O N @™ >

I o
N

2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26
2011-3-26

WD.

U'l-buul\)l—\zl—'—'

2010-04-22
2010-04-22
2010-04-22
2010-04-22
2010-04-22

YJ.

=

2009-08-20
2010-08-23

YJ.

2

2009-08-20
2010-08-23

2009-08-20
2010-08-23
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YJ. 3

2011-8-4
2011-8-17
2011-8-30

2011-9-7
2011-9-25

Appendix 3-3. A & (Y): X|&, YS: O=)

ZAFEH

ZA

Ct

Calc Conc (copies/g)

Calc Conc

(copies/reaction)

H|

-

Y). 4

2009-08-20
2010-08-23
2011-8-4
2011-8-17
2011-8-30
2011-9-7
2011-9-25

YS. 1

2010-04-12
2010-06-16

YS. 2

2010-04-12
2010-06-16

YS. 3

2010-04-12
2010-06-16

YS. 4

2010-04-12
2010-06-16

YS. 5

2010-04-12
2010-06-16
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