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ABSTRACT

22 71 YAE Amoebophrya spp.i= AZE Fiots Rt SRR T2 FAAA HAXE Aojsl= BETH a9lo= 4 Y
A ok & A= A AA AtollA foll x5 ks QFREF Adkashiwo sanguineas A7 |= EAA 7188=
Amoebophrya sp.2] AL ] toll E214 gdaclo g o] nx= JFeo] tiof] AmEgith A4 23, AXPE 4
sanguinea®l] W& Amoebophrya] T HZ T} AT =2.9] Wstof mat 37| RS B A0 2 YEl o, 20| g4
5 &7 A2y dgo] A SH| LA A 7182 F AlthAIzte] 25°Cofl A= ©F 58 + 0.1 h} 20°CoflAl+= 83 + 0.1 h, 15°C°]]
A= 115+ 0.1 he] HEE Yo} ZF 2= 204 f-2)3 2ol & K3 0™ (p<0.001), 2 =7t Yo ZAA 7IBAEY &
AMtiAte] 3| Aoj 2= A S 2 YePtTh ot 7HH-8-2 25°Cofl A 71.5 + 0.30%2] |I91= 7 =7 Uetstar, 20°Cet 15°C|
A 2V 543 + 1.68%2 29.6 + 1.42%2] H 9] E UEH o] 27t Wold 45 &0 37 fAst= A o= Yelydth o]t
AT AT = AG-27 o BB A. sanguinea®] Azl = ZA] 7|BEY] PO R QIRH BESHA Alo] Ayt 3A HAash= A
© 2 pohE e Bt o el S50 A1) A F 3 Elste] A 7|8 E] A gl IS T AU BA o] she S
8 HAFEA 2GS 7 o= metdr

Marine parasitoid Amoebophrya infects and kills various bloom-forming dinoflagellates and strongly influences the harmful algal
bloom dynamics. We investigated the effect of temperature on survival, infectivity, generation time of the parasite from the parasitoid
Amoebophrya sp. and the harmful dinoflagellate host Akashiwo sanguinea system. Temperature had a significant effect on the parasite
generation time and infectivity. While the lower temperature (15°C) arrested parasite intracellular development and infectivity,
resulting in the longer generation time (115 = 0.1 h), the higher temperatures (25°C and 20°C) accelerated the parasite development,
with the generation times of 58 £ 0.1h and 83 + 0.1h, respectively. Parasite prevalence (percent of host infected) was 71.5 + 0.30%,
54.3 + 1.68%, and 29.6 + 1.42% at 25°C, 20°C, and 15°C, respectively. These results suggest that biological control by parasitism on
A. sanguinea bloom would not be highly effective during low water temperature season. Further, water temperature would be an
important factor of bottom-up controls for the host-parasite population dynamics.
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AA1 ]/ 3l AZAE Akashiwo sanguineas A7 1= A 7\AVE Amoebophrya sp.2] ZHEH0] tigt ~20] A « 21

Zo 7 2 dA] Qlrt. o] Fof ot A xE= 19221 LE jgtof| A 2 Z 2 H 1% o] 9 (Hirasaka 1922), U]=H(Martin 1929;
Cardwell et al., 1979; Bockstahler and Coats, 1993; Jessup et al., 2009), WX|F(Kiefer and Laasker, 1975), ZHTk
(Robinson and Brown, 1983), ©=(Hallegraeff 1991), %=(Lu and Hodgkiss, 2004), 5.5](Gomez and Boicenco, 2004),
2H=l(Lee et al., 2005), E5l(Gomez and Souissi, 2008) “5-= H|5Eo}to] Z A|A| Atef|A] &5] WAol= A0 2 HA1E|1 Q)
‘:}. o] Fof ot 2% msfi==rollA= o2 Hare o] gix|eh, ¥l ALt} ul= A2 Lo} Monterey THoflA] 2227}
P2 mf o et b7 et ARSIl HarstgithJessup er al. 2009). T2 D20N A= A. sanguinea®]] €17t 2

39} 719] st FAFS ok eloR B arstelom, Mt ofuel &0 fA8S HAZI A, 2] ALt -Fdel
74 =9 Uehlo] spatelalitedol 2 A2 &4ut mlshE e 4 Shs 2 0 & B Skt Cardwell e al., 1979;
Botes et al., 2003; Matsubara et al., 2007).

A O % 4. sanguinea®] =3 A71= -eluet olighe] -7, 28ollA] 11l 24 A5 WIS SdstaA, =
14—27] 01 5 9Yof| EAULIIAH 02 =2 Ao 2 HIEth(Lee ef al. 2005). 1Lt 2|2 AA = Aol A 2011

A 227191 FA-SA|(11~1Y)ol - TEE(~107cells/L) 2] 4. sanguinea®l] 2J3t 225 JA5H0] oF 2711 ol A4 A

7|17Fs3t ]—{‘1\—5]—1‘3 o @Afo] RE|ItKSon and Baek, 2012). Y Ao M= 4. sanguinea®]] 23 Az WA =9
o}, Taeleh 427} ol cht U, THE AIE S TR et ereld B4 S8 vl Tl
284 QQlEo] 289t} H st t(Nakamura ef al., 1982; Bockstahler and Coats, 1993; Robinson and Brown, 1983).
of| ot A xE Alofol= T8 7|20 2 A FEEFTEC] ot Aoy AV 71 =l o3t e 52 A
=514 Q2lo] oJgt 51k 24 (top-down control)®f| 2|3+ 4|01 E & 4= Rt Chambouvet et al., 2008; Mazzillo et al., 2011;
Kim et al., 2013; Worden et al., 2015). 13504 EA 71HRE Amoebophrya®l 213t 7HE-2 A 0] G235 45| A4kt
15t dHo| 9 AL AV L E| I Taylor et al., 1968; Nishitani ef al., 1984; Coats et al., 1996; Chambouvet et
al., 2008; Kim and Park, 2014). 2] 7| &(parasitoidism)° |3t 55 A GAT] & SF-E24S o] gsfo] TAZheF2d o]
U Stoll Ad7dsto] 71/88E0] Aol S EH, 555 S0l —’F‘Ea% A AR RAES HiES] Ye 542 7XIch =

2~ Penzé SH-ollA 38 59t QPR IR ot 229} AT Z1BAE Amoebophrya®] NAR-0] 52 ZART A3,
THE of 2 28 QIR o} oF K70 Z)iA]|4= H2} Bl F3d0] § ’b} | & ol do] ARt AV 7 V”*“ = Amoebophrya®l —4
SH7rd o} m- At Al 71 A 0 2 B 1151t Chambouvet ef al., 2008). ©]2gt ZA] 7| B o] 228
Aol 4= Q= 582 A B RAL g A7} O}UH 75&’1‘55 AZE AN &, DARKCF2) el 10%~10°7H OV‘}
O] A =2 At o] 2 d MHEANES AAtsto] sl T & HFEE7] ol <91 A2 =0] AFEHE T 2R o #hE
SAEE 2 A S UERd oyl AxAES ’1‘3” She HE ZAR] HAE:
7] W o]}, A ApoA s EAA 7IRKE Amoebophryal] SAET 45 1HEE, F AHAIE 59 BI4ES 0]
of 2] R ol-gsto] AR AT, Amoebophryacl| ©IRt o] tFE ZARNM|A-SEEFTE) O AN 22 A=
oA 24 QRIETH AXE Alojoh=d] E o & FkS v &4 okl 'WESIIrh(Montagnes ef al., 2008).

A7V 9‘rJ'EETE’rAmoeobOphrya spp.©] 94°H 7 ‘Oé'% =T e QA AxE rdehs 5= st of 75*«]
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De Vargas ef al., 2015). AZAYE-S 7AA71E ZAA 71PE0] Zdele] 32 nAe 47 8910z e Jogdol
gt 27k -FL5He(Yih and Coats 2000), 53 2-2 2] 2] 874 @ 91o] gt A= 712 ATsle}. whaba] 2 7o
A frol 422 faehs MERT A sanguinea®} o1 HEA 7= LA 7144 J

K2 o] G50 = 2of| wh2 A 7R 73BT E&0] Msto] tiel Yohhgkar, 7k 4 eof whet ALY
TVRREC] T8t &5 Al i o & A7) WskE Z sl o, o] 2igt AulE ulho & A el Al

A SF7WARE Al7eel vlRls Gl tisf +gstalat sk

S

WA QR WL Akashiwo sanguinea®} ©1& HAA 7= A 71 RE Amoebophrya sp.
2 P QAo A ZeFitol o] 85It Coats and Park, 2002). ©] 557173
A= A= AR 15004 22 viF= Lo, 2 Adef o-85k7] Yol Hita A1A15] S7Fste] 2% 2990 A-8A1AH o-&

A = o] 2991 Hat o Toligoll HitE-Z A2l £/2-Si Bl A](Guillard and Ryther, 1962)E ©]
-goto] vljeFstalet. AV 71848E Amoebophrya sp.i=2-39 7YA 0 2 F=33nft} 2|04 7 9] 555 F-a ok AltEl
Fo = FAGIATE Hie] 2 oF -2 787 20°C et 290014 =286, A= 80 pmol m7s™ (B3 ) 9] 14L:10D 2]
B57] 2204 vjeste] Adlof o853k

2.2 Hedy
2.2.1 20 g ZA)G 71 E 0 T3 AiAIzEe] st

5= 4798719 A. sanguinea TNFAIE ZF 37 §HE-2] 500 mL Z2FAT 0] 300 mLA U0

ot
i
i~
flH
)
i

o
—

£ 271 Wi ql 200ColA ZF A9 25(15°C, 20°C, 25°C)0ll A--A1717] $1all mllY 1°CH MM 5] S3dste] 2F Aol
Lof| EEelE = 5ol 2EA 0= 7F oA A-SAIX HjFAE 100 mLA 5510] 37119] REEALE A gsto] Adlo]
ol g5ttt AV 7B E A St 2 R 0 2 7F 2k Zof|A] &5 vlelA|e oA A A 6] A-gAIA ARl
o] 8agit}. £520] 7] A E UL 0k 1000 cells/mLO] B2 HE61a1, TA] 7| AABE-O L0 4] ] LR 2] 6A]7F
o} o] 4 H = 2K dinospore) & 2oto], £ef LAY 7Y E 2] NA-S B0 1:57} H 5 Eoto] Al-S X1aY6Hd
t}. mj 6-8 A)ZF7HA 0 2 mullS o] 85lo] O] Al mE BFIote] HE 5k 1%7t H S FFEEYH S| =& 37Tt

of A5} AT A== Sedgwick Rafter Zl15=71E 018519 Coats and Bockstahler (1994)2] B o]l w2t A4 H g
(Filter set 09, BP 450-490 excitation, beam splitter FT 510, emission LP515)7} %2 33& 0] (Axio Imager A2, Carl
Zeiss, Germany)stoll A AE &5 A Z4-E Alpste] aE&S S7361300, o] ol A 7138 Eo Azt E44
2~7|(hemocytometer)2 ©|-850] Al4=5I3tt. EA] 7| JAE9] &5+ Al Z Y] WEAIZR Coats and Bockstahler (1994)2]
Hiof] oJaf] Alitetadar, A 71342 2] ZF AltHAIZH Generation Time; GT)< Coats and Park (2002)]] w2} 7| /882 4
WAL So] o] S5 AR T, 75 Fol i oA M= At o] B A7 E3517] AlRtste] 2] Al
ZUEE Yee A7 O] MU EE ZF A7l mhet HAlS 229t o2, A 7217t WA9] 1/20]] sidsh= Al ALt
stod AFESHITE
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4 9]/ froll AxAE Akashivwo sanguineas N7 e ZAY 7VIRBE Amocbophrya sp. 2] AAZl dift 4~29] G » 23

2.2.2 520 Wk 2 AV 7| QS BEET A3 EC] ¥t

Fe2of| w2 A 7YY E] BEET A5 B FIStE SA5P] Sl flellA] 71&st viel o] ZF A2 (15°C,
20°C, 25°C)ollA] AAls] AR S-71 885 iAIE o 8olairt. 2 25 27stol|A] 4] 7| 3] AEgS &
7] $1ell, A Aol A] w2 2] 6 AIF o [ 2] 7 YA E2] A HEARE Bt o4112](10 um pore size, polycarbonate
filter)E ©]-851] 52 4] o 2P(gravity filtration) © 2 A=A &5 A ZEE A AT Thg, ZF AT -2 ol|A] A7l wheh 4
WAO] M| U O] HEHE ST o= YA THA ol wet mj3llS o] 85t 3 mlo) A =E e 7, FF-5% 1%7t
& 5 SFEfEdclo| =& el 1177 the, Fddu|gstol A @A | (hemocytometer)E 01851 AlS=51S
o}, 7} 25 A R ARO] ATt w2 AFBE T (h)= AHEA AU T $5L AbR S vhgath -2 T oA AT A

(single two-parameter exponential decay curve)2]ol] tHioted HIAS F| A H O 2 7F HSES S5

M _ ]\[{)ekf

t: A|ZHh)

Nt: tA7F A3 & A 32D X (cells/mL)
No: 27| A3 T (cells/mL)

k: M| APFESSIE (mortality rate)

7t 2L A7t w2 A 7| AAEO] <5eA)| 3R of| tgh 7HAd5-E(successful infection rate of dinospores, %)<
Tzl Z7Ket 7138 A B TA ol TRt B A 0 & S5 AR B EA TiA 0] HlE-E EolH, o1&
st S1all 71 B2 AR LS Segksto] ZH AR 2(15°C, 20°C, 25°C) oA A 7HA | whah R ARS &5
91 A.sanguinea (1000 cells/ml)°]l 1:1(v/v) &2 HEAA 36 175t vl o2, &3 dnlsiolA Fador 45
£ 7R AHEALE AlS510] Coats and Park(2002)2] B what ZHAA5-E-S AXeHTt

NI A

2.3 SAREM
B Alof|A] A Atas Wi+ BX02h =2 AAst.om, B 7Ho] G018 7AZ5}7] $J5) IBM SPSS statistics
23.0 program-2 ©1-851 T-A74 9 A UEAHE A (one-way ANOVA test)2 5-34510] £45199tt

w
M)

I}

3.1 20| T2 EAY 7|82 Letat MCHAZI2| Hat

AV 71V 2=E Amoebophrya®] #3 R A dinospore) & &% AZAE A. sanguinea WIEA Ol HERY o] %, Al7to]

|

Aol nfe} A2 AL As1e] AN F 452U ol §ato] AASHIA o] gasm 7o) 4
28 Fo| 1 450 7 WA Lho A A58 (vermiform) TS A4 The Aol 42 FHe] eSStk Fig. 1).

Zh 2 270N ZAY 71ABE ] 7] HES SR Ao, 25°C2} 20°CollA = 22 53 +2.2% (n=3, Ta)2} 38 +
0.4% (n=3, Tgo) = LFEFH HHA, 15°ColA=28 + 0.8% (n=3, Tgy) S Hof H| A U 7rd8-2 Lehl @Itk Table 1). 4]
O 23

=
718/ 8& Amoebophrya & RALE] NI U= & A. sanguinea's TAAI tha Ad50] PR E|o] SFAZE Fo]1l
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Table 1. Summary of parasite intracellular development time (h) and total parasite generation time (h) from the parasitoid
Amoebophrya and its host dinoflagellate Akashiwo sanguinea system at different temperature conditions (mean + standard
error, n=3)

Parasite intracellular

Temperature (°C) Initial infection rate (%) development time (h) Generation time (h)
15 28+0.8 102+54 115+£0.1
20 38+0.4 56+4.0 83+0.1
25 53+£22 36+0.2 58+0.1

A

Fig. 1. Epifluorescence micrographs of Amoebophrya sp. and its host Akashiwo sanguinea. Free-living stage of the parasite
dinospore (A), early infection where the green fluorescing parasite is located inside the nucleus of the host A. sanguinea and
surrounded by red fluorescing chloroplasts of the host (B), and mid to late infection where the developed parasite trophont is
occupied in the protoplasm of the host (C). Scale bars represent 20 um.

ThA| 50 = WS EHA] Aol wet 2 FA5H] S7 k= 7d3ka Holm, 25°C2F20°C 2] 2% o= 383t A
64X 7H 96 A1 7F kS Bofl 212 120 + 0.3 x 10° cell/ml (mean + SE, n=3)2} 125 + 0.7 x 10° cell/ml (mean + SE, n=3)
O AELEE e ST A 22 STAIZE FAAZIHA 7RAIR7 2 asiert o Al o] R Ed0k=
73S R UK Fig. 2(a), (b)). ¥HHOl, 15°CollA= o] Hoh et AJto] H 48 &o] 131 A]7H0] Z ket Lol AT izt
O] M|ZEH 7130 + 0.7 x 10° cells/ml (mean + SE, n=3)°]] =E5ItH(Fig. 2(c)).

7 25 270 8 A 71BE ] S5 Al i ARS AFES] 2 ) 15°C, 20°C, 25°COllA ZF2E 102 + 5.4 h, 56 +
4.0h, 36 + 0.2 ho] HIIEA 27t W35 Alxd) W Al7to] vl doj]= A& LEPth(Table 1, One way
ANOVA; post-hoc Tukey test; p < 0.0001). ZAA] 7|AIE0] & AItfAI7FS: 745 Al 25°Co)| A= 9F 58 £ 0.1 ht
20°COlA=83 + 0.1 h, 15°COlA= 115 + 0.1 ho] S LR o] ZF & 2700014 F AlTiATEE F-olRt Afo| & Helo
o, 257t Woldas A 7| AAES] AltiAlgte] g ASH S7tske A 0= UERTH(Table 1, one-way ANOVA;
Tukey test; p <0.0001). ZF &%= ZANA XY= 4. sanguinea’= EA] 71 E-2] ZHd ) dido] 3= A] 25°CoflA]
= 136A17F, 20°CollA =234 AT, 15°CollA=291 Ao ] 7t &of] B APESIIT(Fig. 2). §Fe], 71382 A7 I5HA
3> ETONX= A. sanguinea®] AL E7H A7l whet 421 F71sto] ARl 717Ha<t QAstAl Al Ehe 82 e
QAck(Fig. 2(d)).

8§ T

3.2 20| W2 BAY 7Y 80| BEE BA LIS EL| Het

I 7VYE Amoebophrya® RARA = 77} Qe 700014, Aol Aol wht A7 2t Aaske et
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Fig. 2. Time-course studies of the parasitoid Amoebpohrya infecting the dinoflagellate Akashiwo sanguinea incubated at
different temperature conditions (A-C). Bars show cumulative host abundance. Controls incubated A. sanguinea without the
parasitoids at the different conditions (D).
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Fig. 3. Survival and ability of Amoebophrya dinospores to infect Akashiwo sanguinea with age. Survival of Amoebophrya

dinospores (A), parasite prevalence (B), and percent of surviving dinospores that successfully infected host cells (C) at
different temperature conditions.

ERIl oM, 25°C Rl A EALE] E7 7K (survival time)-2 7Y R LFEREOH, 20°ColAE 124, 15°CAE 139
7} Fof] R AFESh= 20 & YERHTH(Fig. 3(a)). ZF 2710 Aol mhE g B2 i Afl=2] Heke-g Tl o

|54 4] (single two-parameter exponential decay curve)©]| tHiote] B ARG © 2 ZHHSE8 9 A

B
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Table 2. Summary of parameters estimated by fitting the data for dinospore abundances to a single two-parameter
exponential decay curve equation at different temperature conditions

Temperature (°C) k r p
15 -0.28 0.96 p <0.0001
20 -0.20 0.93 p <0.0001
25 -0.30 0.89 p=0.0015

Table 3. Summary of dinospore survival time (d), parasite prevalence (%), and successful infection rate (%) from
Amoebophrya-Akashiwo sanguinea system at different temperature conditions (mean * SE, n=3)

Dinospore successful infection

Temperature (°C) Dinospore survival time (d) Parasite prevalence (%) rate (%)
15 13 29.6 +1.42 3.6+£0.07
20 12 54.3+1.68 74+048
25 7 71.5+0.30 7.9+0.06

25°CollA] ueet HHEFRO] A= ARt whet 7P =2 7HAE(k =-0.30, r* = 0.89, p=0.0015)2 YERH{SAL,
20°C(k =-0.20, > = 0.93, p < 0.0001)2} 15°C(k = -0.28, * = 0.96, p < 0.0001)°f| A=A}t 2] © 2 A7t wha} e 714
O] Aa-g-& UEPf T Table 2, Fig. 3(a)). 15°CollAl= ThE =2 2 2H T 2710 A8 7R AI=9] THAE UEhfigl
ZqE A 7bo] G5 AE7|7E 0 5] 7 71 71 0 8 YERGTHFig. 3(a)). ZF -2 2 A0 4] 7H¥-&(parasite prevalence)
225°ColA 71.5 £ 0.30%°] HA = 7Fg A ek AL, 20°CF 15°Coll M= 212F 54.3 £ 1.68%2F29.6 = 1.42%°] HAE
Lo} 257} ol dap= 7 g-&0] I A4-sle= 2 0 & WERTh(Table 3, Fig. 3(b), one-way ANOVA; Tukey test; p <
0.0001). ZH -2 Z0f|A] AZhol| b2 &5F 4. sanguinea©l| S A H T AFO] 71A/3-5-8-& SAal 2 A, 25°C2t20°C0]|
A BE Aol 27] 7F9XE-8(T,)0] ZH2F 7.9 £ 0.06%2} 7.4 + 0.48%2] SIS LYERAA, 15°CollA%E 3.6 +0.07%
o] ¥ 2 71 Y =28 YERNITH Table 3, Fig. 3(c)). 12iLt A7) AeheE 25°Cof| A= A mAE] AE7] 7o)
7V A, AAELE wASH Robd B RA WA A AEEC] 7P whEA Aol 6Y T Aol RE s
© = LEPITK Table 3, Fig. 3). §HH, 15°CollA =8 HARe] A= Tt 2ol Ate] w42 746
it AE7122 7P 27 e 89 B8 5 8& fAI5ke A 0= UEPT 20°CollA = 3R RALe] E7|7To]

1
= .
A1 gEe] el gasslo] A AR FAATEO] vIIA QEI ALERA 119 59 AE5 L Tl

Mo A
N

38 o
N
=)

o

filo
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A 717878 PR RFR] Amoebophrya= ol 2 1573 225 Frdohs o’ AR RE AAA7 M, A=l o
SF AESHA Ao Qelog 2 araA Qth(Talyor et al., 1968; Chambouvet et al., 2008). 7= SFHWF Alexandrium
minutum®l| 213+ 2 %7} oid RIHSHA] WSk T2 Penze SHo|lA] AEeh Axfof| W= 24 7184 b EF
Amoebophrya spp. T ] ThRt QP MR OJ5] BTS2 2.0] A} o] oFdart PR dAyHdo] JleS Halsteirt
(Chambouvet et al., 2008). =FHofAl= a4 0 2 f\d [-8f| A5 U= Cochlodinium polykrikosS HIE51 -5

H T Alexandrium spp. &5} Gonyaulax polygramma 2 Prorocentrum minimum “5-2] A3 W YA| Amoebophrya
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o]l oJgt Zrgo] BB AThKim et al., 2002; Kim et al., 2004; Park et al., 2007; Kim and Park, 2014). S Al A I
2 71 RBE Amoebophrya®] TFH 02 15t @} H L7 3= WA 2] A|AH-E(parasite-induced mortality)S -7l HSF
o, 2F~30% day' 2 F =1t Coats and Bockstahler, 1994; Velo-Sudrez et al., 2013). SHFATEN Ao A] o] 2§ A 7| AY

o]
7= S5

Aol ofgt SFANAEO) AP &S oI AT A2l et el go] 248 Z7leH v, 718
A A ASAIIo] 0145 40k 2 4 91, oIl 5 1, 1 A cht et
2} §17 8 21e]) OJ8l] GJAES WHE 4= ek, B ol 2 AL Gorsha] vt W IS 7V 4 Qs A AE70] G
Z700]] Off AL WS 5= Ik 2, Fdeh AT 1A SOl AT 455 AR TAA 7R Al
ARI A= S0l 7o) S LR QIRIAIR, 4 Mol thet 7ol 8-S M1t AR Th e S0l o e 71
£ UERGIEE(Yih and Coats, 2000). 12|t 21271 ol g HaAE-S A7 1 AV VAR 0] Zhelele] sl
-0} gre Bl $74 2. 9lo] A o] ths] ATt Azt Hste) 1 Aol ZA 7R Ao &t A)
Sl sl B2l 8 8919l 4-Lol whE QJakS ARG Ak, Sxeof mebd AV 7)Aol A elo] olet 4}
o2 Lehd B ofek, A FIAAE 0] 45 Aol 4 o] IEkAIZ kT AIHAIZ O AL 6 ol 2o} & Mol 7o &
ERdTh 5, e 4o Al 5 AU o] el A ol % AldhAlze] - Aot s AukE ergict. ol A4

27of oA bR ol chel AV AR ofet 7ol T o}l ol ek, Zhelo] Flejehs 45

]
ZAPY 7180 o] e A AR =] SAHAITO] AoAA H B, of= A o= siof ARAUIA %5
WAL Aol ol A et WA, 420 Y2 Al7]of ©AYRE R nLRo] ofet T A= A 718
A Z2 51k 27 (top-down control)o] oJet Y= A 0= A7 Bk 2 o= dldnt. thE oM, ol <A

O W7 P FAol W2 A e AN ol 24 é 7= TEARe] e o2 M, s At Al &

b o2 1, SR el A o] §7R5 e ST AAIES R AP 218 Bl Y-S Slst sfo] AfEHete] 2
% Qlrt %, B AT Aol Uehd 27 S-20] e A 7V BEO] 4G &S A0 2 Wolx Ae, A
VAR MRG0} A BEo] A0 2 945) 7J4sp Ho] eizio] Bt QIET §AI57] thRe] 45 Ui

72 FAAZ T ESHE o] el A o2 gk,

Az {1 QPARR A. sanguinea= 52 16~22°Cet G2 22~34°] H| WA -2 HQJol| A Ech= 3= 9 FAA
Fo2 A4 AtH(Lee et al., 2005). ¢-=uteh gslicroflA] 2ARRE1990~2003 W7EA| 2] AF &M= 4. sanguinea?t 2 E-12
D72 A0] AF U Fdske], F2 1427191 5G-8 Dol A 02 & WE(~10000 cells/L) & STt K15
Uh(Lee et al., 2005). “Leu 0] A-A ol M= 1427 |7Fod Z5-270f|A A. sanguinea®] 2571 EATSH 0™,
ESEUE T V27| Bt @R6] =2 UER ot AT A& EQlekal Harskar ik o E ', 20113
U ZsRE oA A4=27191 119-12°g0] oA T E9] 4. sanguinea] ZZ(~107 cells/1)7 AFSIATIL H L
5192 ™ (Son and Baek, 2012), ©]% 2| 20161 Fafietoll A= A4-27](13.8~17.3°C) 21 11€-12€] ZZ(100~1500
cells/ml)7HAYSFATHNFRDI, 2017). o2 g A4=~2-7]of] @Aeh 11 e o] A% A4k nl=t ZH2] 3L Lo} Monterey THof| 4]
& 5 115 v} Itk Mazzillo et al., 2011). oo TF2™, 20059-2007'd 52138 St @4 ZARR A= 24, 2005312006
W= 22 20079 2427190 hﬁﬂ =2 US04 sanguinea®] BZ7} A5 9 oA E Rt A7 A& Qlrkar
B sHIT AN B2 T ZAZ I E T WXL, Amoebophrya®l ol A AE Al PHEE]R] ghofriar B
St tHMazzillo et al., 2011). 0]%% T Aol A & 4= 9)50] 20°C 0|5} 4-2o0] Lol E ol = SAlote] T
Ad-gol F475] 2ok ¥ ohel, T & ZA 7B E0] S5 Al U] A AR ] e Zojr B g s e

kl

rok
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S, QFARLF 4. sanguinea©l TRt A 718 E Amoebophrya®] %5 7/W AR AlAE] G & 5 e RR1C=A,
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Z 142710 Z2@oF= A. sanguinea T} A4-2710) EHote 27T AR THE 4= glom, ol &5 3] wat
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