8. g nlo]H 2o U HF A a 9 ¥ o} abundance?]
ABARA

Hea, Aaq, ez, A3¢, 39, o942
FEHFATA FAATE

2
FoFehd sjgulo) 2R 2.0X10° particles/mlZ ¢ FRAG. 4 A vlojgrg A=
Ao Ho) 9.0x10° particles/mlol A ALl Fagk 0.7<10° particles/mle 71SR . FUdst
U9 ulolg]x, dtelelo}, ABEFIE HEFY FUH EXE open ocean systemo] dF3es A
A 28, 38, 42, 46, 5194 K} closed estuarine systemd] 3]23t= AA 2, 5, 10,12, 16, 209
A e Aoz el 283, 9E closed estuarine systemo] 23 AA 22, 26, 32, 34=
2 vo]Y 2 BEE BAAT YPHLZ open ocean systemdl] v e wgizlolt HEgE
FE9 REFE UYERT 22 A9 F4 Aol E oty LE7} vlojgae AEE 100
AT 2330 s vlo)g A9 IE9 host systemd] AHE AxE A5 Hoz wWIygen, 1
E9 ARE ¥t 2P A3ATEE 713G A5 violdas) weelols) 2xE FrbE Wi
AEEFAEY ASA-a FEE FTHE FABAY. Agole vlo)gj2e} deoly) st F&
A EEURR, PRRIVIAZ g84-a TE A FAsor) E g S/ blolgad dx s
2001d 84l HuHo] TeFon, geol WEE 20019 843 20023 640l Hugs A
o} Wele] d84-a0] FEE 20029 44 FHuAe =2 AA hosts} wiolEx WEE E
o, 359 poold upo]22d] 23 mortalityol 284 steady-state AEHZ FA &3, vlojg29
UX g steady-state® FATE ALE BYG. o] AEe £33 Ut FgY Yo EAshe=
F G vpolf 20 AjA £ AT E UFE A WA 4oz Algd

*

A8

ol 10°-10° particles/mlo] @8lE 715 B9 wl¢ &2 Fo
virus & virus-like particles (VLP)o] &-f-50o] gl&o] B3usA}t (Bergh et
al, 1989). AFBAWAA sFutolei2] FEE Y e ol FERT 104
AE o ¥ ZA0F 4t oz uiojg2E vt oA b JHE
BETA agentsolth, 28y, g PAEY AlEH 289 FA73 A9 Ao
Ze SHiMe ¢ F83 effectoro]td (Fuhrman et al, 1998). %
microbial food webolA], vloje]29] &L specific hostd} FA7} A 233,
352 hostol] A3, host AR WIS XL, host Aol|A Hlo]2 29
life cycle 5& 34 hostd] Abde] JFHE v F}

HZ9 AHAEL vpolgxrt s FolA ALY T8%0] B ¥ FHAT
o, heterotrophic bacterial population®] AlEolx 10-20%¢) "¢ 8T v|&
€ X1 A+E RezZ B3uFY (Fuhrman, 1999; Wommack and colwell,
2000). A ¥ vlol¥AE aquatic ecosystemolA] BETHOF actived}tH,
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EXd &Ast= vl F53 componentsEM ZHE I Q. o] T ulolEH A9
activity== dissolved organic materials (DOMs)2] steady-state?] FX& #&
nutrient cycling®]y} harmful algal blooms & Z&o| Z L3 R0 7153k
B30 w29, harmful algal blooms® F&7} ¥]53 virus-like particlesE 0|
n-¢ B2 2 veiyde A3 dBo] Ao (Bratbak et al, 1993). 159 A7]9%
algicidal activities®] EFA 2 E3l eukaryotic algaeE ZFAI7IE= AW dsDNA
algal virus®l phycodnaviridaed] 3 B AFolA Adxo]x|1 At} (Cottrell
and Suttle, 1195; Guixa-Boixereu et al, 1999; Milligan and Cosper, 1994;
Nagasaki et al, 1999; Suttle et al, 1991).

AF AW mHolEze FRL HHPohd AEEFIAE, eukaryotic
organism Z< )9 v E< host species?] T Zo], AR water column
9] A 5 BL parametric factorE°] &&3&HA |t WA, )Y vlolg A9
direct countso] 9J3|A] wlolgxe] FHH FX 9 AFEA dES A= AH
0]Z %3] microbial food web, nutrient factor, geochemical factors<¢ I1E9]
E5% FAZANAA Y utoje 2o Aty A4S HAst= AL s F&
=g

2 d3e oA A7 AY o]FAA YA 4L ARG vpolg 2y Fx
ZAF 2 e @] B3 AFo|H, 53] FFHAY AY vpolEix EEE
AL 5o ¥ uloje 29t Y wrE o}, A vtolejiet FFh-adte] A
BAE ENFgo2 A Fdwo) M2 microbial food webd] ¥ EAL 793
Rz &5iH

N

-

Ag 2@ 9y

A

a7 AA

Are 8 vt gl FFY 1578 f1XolA 2001EFE 2002d7HA] A
£33 FFe Zole 5 molA 30 mE AP 27 194 HAXIXo] R
Asx SdolA FYFHY aquatic systeme Fi§ FiEFHQ o7 Jlx9 EFJ S
A3 A AA 2, 5, 10, 12, 163 202 closed estuarine coastal water
systemo|® £3¥3] AH 25 7Y ofdFl A U, T=F FA 22, 26, 32¢
34E closed estuarine water systemo]™, AW 22% fresh water system®] 3
I ALY upgZo] A& Ak vu, o AHEL BEx FL2 Ao s
A dFe 380 23X Fdthe a7t A9 AR 28, 30, 42, 45, 512 open
ocean systemo|t. FFHE T U= &3 T FENL A7 9FS

w7] WEel, o] ASE ¢ FHolN ARA SA4L 7H AGo|ck.

%
&

r
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NE A

= niskin AT7] EE bucketd o831, FYTY 157 FAY 7+ ZHo
oA 5 literd 2001 6¥95E 20029 6¥97x Fg Ao APt AF
3 AEF 500 mlE 47 mm 0.45 m poresize GF/F prefilter (Whatman Co.)E
o] &8t oF 12 kPa] ¢¥E& ZHo] AFAEAA AHAE 29, acid-rinsed 50
ml polypropylene centrifuge tube 5 7o) Yo} £5%3 0.02 mn filtered 2%
formalin (FFFE)E 7L SA AT 9, BEo] B2 tubeE 4 Tol A3}
Aot T3 454 a T FSAS 90X AHo) A}EE 47 mm 0.45 m poresize
GF/F prefilterE® 47 mm &739 acid-rinsed polypropylene petri-dish o] &%)
& parafilm& ©] €3t sealingdt® -70 Coll RB3F}.

SYBR Goldg ©°]4% welgols} upolg 20 g4

upolej2e} whgglo} WEL A= Noble?} Fuhrman (1988)o} 213
SYBR-Green [ & AF23F GAHIHE H3AA SYBR-Gold @42 o] 83l &
Aste WHE AHESH. s AE 47 5 mig 25 mm 0.02 m filter
(Anodisc, Whatman Co.)2 o333t & 279 4L &4, SYBR Gold
10,000X stock (Molecular Probes Co.) 9% 10 wE 0.02 m filtered ddH:0
3,990 mE A7 XA Z T} FilterE slide glassol €8 §H 4@ 25X
SYBR Gold £9 100 AZ filterd] B F 15% T A0 Wol| 2t g A+
HE @48 ARG 4T fiterd] doldE $EES 3MM paperE ol4 &%
st AAstT, o] add FelzE Ao Fo] 58 Fo AZAR F fading @
AL 9] 984 antifade mounting solution® &4 Slowfade 3 W&< WY
. 20 mm squared cover glassZ ©]| &3l filter ¢jo @1 FFEDAFojA A
S5 A&7 AARA 449 slide® -20Co] B33

Epifluoresence microscopyd ©]43t gtelg]o}9} nlolg 2 2] direct counts

Preparated slide A352 Axioplan2(Carl Zeiss Co.) epifluorescence
microscope® blue excitationdlo]X X100 objective lens® £33 FZHY o}
Photographic analysis& #1314, ZFE AT Egolo] osix AF3E MC 200
camera module (Carl Zeiss Co.)& @974 F23t3, Kodak Supra 400 BE
(ASA 400, color negative films for professional)¥ ulojz] 29} uhgg)o}e)
direct countsol] AHESISIH. welejolel wlojzjadde) AL falA, Hx 407
Aol wre ot 40074 M 0] ¢ nlolej2E AR counting AT

o do A | ME 500 mlE oFH3 47 mm 0.45 um poresize GF/F
prefilterE 15 ml polypropylene tubed] & HolA &7 Fo] J=A a4 32
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90% acetone 84 oA 241 Tt o] Add FHRZ 4 TAX AR
g3, UV-Vis spectrophotometric scaning system (Agilent 8453 System,
Hewlet Packard Co.)& 0]%6}04 SJ‘P@} 630, 647, 6649 75004 Zzte] FHE
€ SAAT Ao FHERES AN 9WE 90% acetone £AL 0] 8313
T}
Lo

 AE2 a9 FE ALE ANA, G5 H] ) E&FHU

Concentration of Chlorophyil a (ug/d)

— ___C x Volume of acetone solutions (15 ml)
Volumes of filtered seawater samples () x L

a3, 47ke) g ARe7) A e OF AEc] AR

C = (11.85XEss4) — (1.54XEs47) ~ (0.08 XEsg30)
Eees = Aess — Azso (for chlorophyll a)
Ees7 = Aesr — Azso (for chlorophyll b)
Esa0 = As3o — A7so (for chlorophyll c)

L = length of cell cuvette (cm)

4% 3 £9

Spatial distribution of virus-like particles

o] Aol A, FPh) FHYulojeAY WEE HF 2.0x10° particles/mlE o)
T+ FTHAH B 1. & AF ATE AN A9 FHAA HF virus BXZH
AEYE virusd FEXHE R9F3 QY. i AAA L tE xde) wits
A AYE AFEAY v E G2 N s vloleixe BRI vk
o F9 nlojg 2y} FYRtE EXEFT S UETH 3’5]“’&“}‘41 nlo] g £ 9

T BEEH Hads 4 2 #HIgd] e vxd goz EAgtn
HolEs H, o]AL FUYTY FAlo] W3, HluF ecosystem«] FZA
2 W7 A &L Hole Aol o]RL %‘- F2ZAL FHFol 23 43gH
JoFuto] closed estuarine aquatic ecosystem? HA3}l7] WL o=® Roju, wet
A AR virus®] ¥ AFA FRAHDZ IS griertt 53] ZA 2, 5,
10, 12, 16, 202 29 294 RARXo] Ay oez & wlo]g i ool Bx3F}

39S ¢ F At 53] SERH FYgTez FddE vlojEa 43 o
Bo] Fgvro) ¢rzo] X3} ¢rAT sytemo] I3 RoZ nQt olzd EAL
AA Q] niolej2F FSHAM & Ao HlF nlojeiA JFEFR A X
T o7 H1 x9S wEH ol FEFIH G54 a9 FRAANE vRVIAAS

r“lo (R til
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Atk & hostd] EEYFl A niegize) ARG = FE 2R
g AAE & A Bk

S
50y

nlo] 2] 29} dte2]o} ecosystem?] A|AE FF

a9 4004 BAFRo] nlojyxe] EXE= HEHo 844 AUz /HAH
OJAL AZF2-ad] v vty ¥ 2.9 wEol B¥o vjuygL o Az
9] wpolg|x o] wrH|ole] AEHH AEEFIAEY YEFH TAHS JdEL Ut
A3 J&L & F Aot 84 ol Fo] vi¢ wA EEsta 1, EFA
o AEE FFHS FAL AT, ARH LR Ho]H L9 FE vl¢ L}
woh B2 AR oo, wEole] "x & vpolgi WEE 1009 ojd =
B}, o] AL Fgntojgze] &) ZEH hostd lysisEFE YA dissolved
organic materials (DOMs)7t & F&FAH Yol FHAAHA  HAQ  organic
conditiond}o] A} | F el ol wWE JFE 71EsA ¢ FAHLER BAZG. F,
HABAYAN T E9 hostol] Ui wpolzg2e) A AT MHE RAFE 9
7t 9 5 U2 Aold. z}zte) Hiolg]A9) host A3 AL nlolE A Y lysis &
o «]KH A ¥ dissolved organic carbons (DOMs)& ¢#A|7]H, o]g]d o]y
29 A E dissolved organic materials 2E|gole] Bxot EFIE JEFS
ZAs= Ao BT}

lil f‘

:,Qr}m

£ aquatic estuarine ecosystemo| A&

% %%31 AR BAE HF wholei2=rt 30 m F
”33—1013 %S* L'\: open ocean system H.T} closed estuarine aquatic systemo] B
Mo o BE velast EA%D Yee w

addoz sz AN 200 m FARONAY Aoz G
direct counting® Bl FE =, FFTo| L sytemsT AL WHEY Hpol#x
9] %ol 10MAE ¥ BIH o]gg AL closed estuarine system©] deep
open ocean system®t Bl% o #F A microbial biomassE 7FX1L UYLES
gA gt 583 FFTdiolA dEEety] 2 E vuFUE W AHY vl
microbial food webs®] HFGH FAE 9% F2 controller H&EE T3t 3l
=g & F U

1A

st

d
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Chlorophyll a concentrations ( ug/L)

Viral and Bacterial Abundance (10° particles/ml)

50 20M 3
40 1

30 - 2
20 1

SN b g Ll !
0 - — MK Lo

60 4

50 Bl Viruses om | 3

40 1 Bacteria

go Chlorophyll a M2
0 -

10 lﬂ IE 3
o LI SRR R T T ] T T T T T L 1) 0

2 5 10 12 16 20 22 26 28 32 34 38 42 46 51 AVR

Stations

a9 2. 2 AR Zol¥ nolHzg wHoly UE L G52 ad) BE
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60

50 A

40 H

30 A

20 4

10

Viral and bacterial abundance (10° paticles / ml)

a9 3. Add wE Hojis BE2ole) BE £XF W3

N Viruses
Bacteria

by = by

2001 Jun Aug Sep Dec 2002 Feb Apr Jun AVR
Month

Chiorophyll a concentration (ug/L)

2001 Jun Aug Sep Dec 2002 Feb Apr Jun AVR
Month

a9 4. Ao B2 A=A a9 FEY ¥
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E 1 Pl AF wolEing 2 AF AW BE FES AR B ¥

) Depth| Viral Density (particlesml™)
Station (m) Average | Seasonal variation
Station 2 | 11 m | 2.9x10° 1.0-65%10’
Station 5 5m | 3.2x10° 0.7-93x10’
Station 10 | 6 m | 3.1%x10® 2.1-82x107
Station 12 | 21 m | 2.6X10° 1.7-92%107
Station 16 | 12 m | 2.4x10° 3.9-96x107
Station 20 | 6 m | 3.4%x10° 3.9-63x10’
Station 22 | 6 m | 2.3x10° 4.9-42x107
Station 26 | 6 m | 2.4x10° 2.1-66x10"
Station 28 | 32 m | 2.2x10® 3.6-65%107
Station 32 | 12 m | 2.3x10° 1.1-83x107
Station 34 | 13 m | 1.6%x10° 4.5-71x107
Station 38 | 19 m | 1.5x10° 4.3-49%107
Station 42 | 10 m | 1.4x10® 5.5-56x10"
Station 46 | 22 m | 1.8X10° 4.1-66%10"
Station 51 | 23 m | 1.4x1¢® 3.7-50x107
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