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/NBIFRFHIEIX (122°32'55. 50" ~ 122°3413. 26"E,
39°15'10. 74N ~39°15'34. 02") HEATKKER .

1.1

AN F7 58 DX RR AR 3 s 3 A5 18 4 ANl o7 (& 1,
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4 A7 (Gl G2 .G3 \G4) 7K IE <20 m, LR )Z I
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Fig.1 The virioplankton sampling stations in the sea area of the Guanglu Island and
the Da Changshan Island

L2 FRRERITE
TS B 2SR A K AE 10 mL SR AE S5 Bl
Wb IR R ARAE T RIS IO AR AR BT E R AR
BUREY Y PRI R A I 2 I NOBLE 281 iy 7
2 A HFLAR 0.02 wm ()48 AL BE ( Whatman ) 13 9%
FEf5h, 4 SYBR Green [ JeRlyeta,, {ifi 76 W%
BEAE W AU T TR RETT A 76 1 000 %558
IR SR T B URLEL, R AE B
10 ~ 20 ASALETY, BRI HEOR /N T 20 405 B
ABURE o N5 AL BT 9 75 A 5 e o B T S Bl B
WORIEL(VLPs/L)
1.3 MREUSHHNE

i LK R BE R B B YST 258
IK AT (556 B A, MH4RE a e kS
WA LE W A S A R R

2 %

FHFREFENKESS
2008 47 H —2009 4F 6 H )RS AR L
& GL F C1 P A~ sl o7 1) 9 i i i L 26 A ) 4t
(virus direct count, VDC) [ 35 [Bl A 3.4 x10° ~
1.99 x107/mL, -3~ 5. 42 x 10°/mL,n =44,

2.1

G2 1 C2 Wi uhifr 11 4~ 9 VDC JE [ H 3. 9 x
10° ~1.62 x10°/mL, SF-#{H K 5. 31 x 10°/mL,
n =55, G3 fil C3 B ~ulifii 11 4~ H (1) VDC i [H
H4.0x10° ~1.07 x10°/mL, SE3{E K 4. 71 x
10°/mL,n =55, G4 1 C4 WP ulifi 11 N H W
VDC Ji K 4.1 x10° ~1.19 x 10°/mL, F {4
45.38x10°/mL,n =55, NBEANHNBE, G741
A#r(4.5.6.7.8.9.10 H)VDC - H{HEKM N
LSRRI (P <0.05) , B i 18 3t iz (C4
M G4)VDC LE7.8.9 H,3 MHM HLFHRHEBLX N
S AL, ¥ VDC F i 4 1,69 x 107/mL
1.51 x10°/mL f11.13 x10°/mL, %4k 4 4~ 45
(2.3.11.12 A7) &A B 8 8K A A, vDC
G, AL RS, 3 x10° ~ 5.0 x 10°/
mL(5£1),
2.2 EFHFREFENEESH

JTREE Gl b A RA 1L 8y C1 sl 1y 3R 2
34 VDC ARSI A 3.8 x10° ~ 1. 87 x
10°/mL, JiK/2 VDC 4 4E A8 L E 8 3.3 x 10° ~
1.84 x10°/mL (& 2) . Fl i 0h 37 FEA () 3 {1 22
SEPER S AT, 2RI 2 O s R
(P>0.05), J7EL (G2.G3 .G4) uifii R )2
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4 VDC 245285 3.0 x10° ~1.74 x 107/
mL, JiK 2 VDC 4 4E 28 fk 3 [l 2.5 x 10° ~
1.59 x10°/mL (£ 3) ) Fl 2 57 B A 1) 4 2%
SRS AT H, 3RJE BRI B TR TR 2 I
JEEFEE(P <0.05) . REIIE (C2.C3.C4) i
PR )21 VDC 2 4EALIE I 4. 4 x 10° ~
1.96 x10°/mL ;10 m 21 VDC 44251k 75

x1 WRENFE
Tab.1 Average VDC of each

$73.9%x10° ~1.8 x10°/mL; JI£ 21 VDC 4 4E75
FETEEE R 3.3 x10° ~1.81 x10°/mL (K 4), F]
FHIRSTAEAS (1) S48 22 S PR A 3045t 8 2 0 i
P S TIRZ IR EE TR (P <0.05), 10 m
EiripwE FE S IRERIR S FEERAKR
(P>0.05),

X &5z VDC A £

station in the sea of raft culture of

P. yessoensis in the whole year 10°/L
VAL H i date
station 2008-07  2008-08 200809 2008-10 2008-11 2008-12  2009-02  2009-03 2009-04  2009-05 2009-06
C1,Gl1 179.47 161.22 132.77 80.67 48.35 37.24 33.71 50. 66 100. 05 142.03 172.39
C2,G2 152.77 143.45 129.68 74.08 39.46 39.24 41.00 41.97 85.84 127.14 153.23
C3,G3 107.38 115.56 90.31 50.29 40.33 42.25 44.86 45.78 64.40 80.41 105.33
C4 G4 169.41 151. 54 113.86 83.21 43.21 41.24 44. 64 45.73 62.26 74.92 107. 14
F2 WR(GL.Cl){HAFEY VDC EES
Tab.2 The vertical distribution of average VDC in the two islands( G1,C1 station) 10°/L
KZ H Y date
water layer 2008-07 2008-08 2008-09 2008-10 2008-11 2008-12 2009-02 2009-03 2009-04 2009-05 2009-06
)2 surface layer  187.34  181.23  163.34 80. 24 45.21 38.63 40.23 45.34 92.57 116.28  140.29
JEEJZ bottom 184.34  187.53  166.77 70.39 50.35 40. 39 33.25 40. 58 98. 54 106.45  142.12
F3 'BEE(G2.G3.G4) ity VDC EEH
Tab.3 The vertical distribution of average VDC in the
Guanglu Islnd ( G2,G3,G4 station) 10®/L
KZ H A date
water layer 2008-07 2008-08 2008-09 2008-10 2008-11 2008-12 2009-02 2009-03 2009-04 2009-05 2009-06
Z¢)Z surface layer  174.23  170.49  159.41 90. 32 42.89 30.35 41.34 44. 59 90.22 109.48  140.25
JiEJZ bottom 159.33  149.45 144.32 89.73 40.21 25.49 33.47 29.95 69. 74 93.43  105.32
x4 KKULB(C2.C3.C4) 5L Fy VDC EH ST
Tab.4 The vertical distribution of average VDC in the
Da Changshan Island ( C2,C3,C4 station) 10®/L
IK)Z H#§ date
water layer 2008-07 2008-08 2008-09 2008-10 2008-11 2008-12 2009-02 2009-03 2009-04 2009-05 2009-06
3%)2 surface layer 196.32 188.39 165.59  100.39 50.77 44. 34 50.32 60. 24 89.41 109.1 139.12
10 m JZ 10 m layer 180.35 179.95 160. 74 80.47 44.92 39.87 42.1 51.95 70.62 94.35 116.4
Ji£)Z bottom 181.24  180.73  148.41 72.41 50.31 33.42 46.33 44. 24 72.23 89.95 120.43

2.3 FRFEFENELSH

R ELT R fey ROR 1 iy 8 5K DL 7% B

DX, P RE B S B AR, R R
i TREZE(P <0.01) e B TR IS 7
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FIy CL 3B 22 2K B, VDC Jy 2.1 x107/mL; 3 250
SARME L BT RE & 12 4y G3 Sif iR 2 /KA, 2 200
VDC # 2.3 x10°/mL( & 2) . ﬁ%m -
’_‘ - 100
24 FHFEEEESHEE RARETOR 27
5@[&%*& i% 5)008—(37 2(|)08—|092£)08—|11 2|009|—02 éOO9I—O4 I'2009|—06

FIIH Pearson AHCH 1 7 ¥ 434l VDC 52
F a(Chl.a) KR R EFNA S RE 22 18] A AH D&
(#£5), VDC 55 Chl. a 5 8 F FEM % (P <0.01,
r=0.259) ; 5/KRE EAE(P <0.05) s 5EbE 7%
AMREETCH A M (P >0.05)

2008-08 2008—-10 2008—-12 2009-03 2009-05
IffE]  time

2 WFRFANFER VDC EHEN
Fig.2 Seasonal change of VDC in the sea of

raft culture of P. yessoensis

&S5 VDC 5XKERESHEIEXRY

Tab.5 Simple( Rs,Spearman rank ) correlation coefficients between virus and

environmental parameters for the entire date set(n =209)

ECS 3 K e VA L
Chl. a temperature salinity DO
pearson F3< R % correlation coefficient 0.259 0.139 -0.217 0.215
sig( ABKEL) two-tailed tes 0.009 ** 0.032 " 0.128 0. 064
FE G B4 sum of sample 209 209 209 209

s P<0.01 KF- BB (BUR 1 4558 5 = P <0.05 K- RFE MR (RUR ¢ K8)

Notes; #x Correlation is significant at the 0. 01 level (2-tailed) ; % Correlation is significant at the 0. 05 level (2-tailed).

3 The

PR BRI ) 2 A, S A EE
AR R B A T AR R ek
FREE T AR Z R ST R WK P i R
I 5 T I5USE 9 A6 31, WEINBAUER %117
XFACRTG 3 SE A7 AR, 45 s 5 F B2 ol 1. 49 x
10°/mL, ¥] B D1 % ¥ 3% & 1. 01 x 10°/mL,
PROCTOR 251" Xt I8 1 725 (1 F 5 45 T e 1« 37
BN RN 1.5 x 107/mL, AR$ER 455, K
TREEL T R 5 R L J5 MR 5 st DL R 30 IX 1) Ui s
FFERE N 2.1 x 10°/mL, iF B 727 7 3
TE RS DUFRFE KR i 5 8, P RE XS T IR A AR X N
IR 7 T3 K A AR AR IR A o 2
fEHL

BTSN TN N T I R B A B P
KR B 3 A 5, BOEHME 451
Fi H T K rh i o % ) 0 A 2 RO R B, L
B FE AR A A, T R K B B R T AN
Bk A0 X I T K 4 S R B AT
T, KR AWIERZ RN SRR
I e T R R, TG JE R B | I i
TR S, ARSI A L R R, 4—10 H
1y, I T B AR R B I R L TR R

s AR (HAE il A 43 (7.8.9) , A Tt o
RIS R (GA CA) B P27 5 2 B 280 T4k
TIFHAK N 4 S 11(G2.G3.C2.C3) . fEAIK
A (2.3.11.,12) , B BA 149 7K 720 A B
i, PRI TS R B . T IR AT RE D -
g ELUR SR bt DL 7 B v X SR o o v, LR B
PP A — o FERRA By, TR BUNRIR
FRAATEAC RIS ) JSU IR, SR A v X A SR K B2 A
D AN R RO, TSR X N R
FrAi A BEAR AT e RIS Bk 2 o B LA
(R0 A 7= ) B T IR BHAR X A, P2 30 A 7 19 =
FEWALE = TR X N IR T . B T
L A 13, FREE T B QT AR R DL, SR 50 4 A
/N, AT b e T 2 g, K RSS2, i Tl
JEARAFREAHXS Bl P2 0 2 = B B R B B
K AR, HABE AR

I T IRFE T 2, FRAAAR X R A, P ik v o7
SHERAL T R X o B TRAL S AR LAyl i £
(C4) K TREE 29.0 m, 1 G1 #1 C1 3l {3 5 3T
30, JEHGE CL 3l KR 10 mo iy TRk
&, JRZ FRIRERE 32 21 H OGRS, 094 7= 1K
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RIZIRKAICR T, A KRR, I H AR5 b DL
TFACHRA EBAE MK 5 m 2, HHE Py [F] RE RE A2
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75 5T K BE 2 VDC B 28 TA %, e
S5 [ {2 BL3k 1) Tampa 375 38 # 764 295 8
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2520 TTANG 262" i diGE T HWFFE K B W s 25
FREA BT,
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i R Z 18147 JOAR Rl 22 B AR G 2 A
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N DK B B U A A R MR T B DL R A
TR DX, Al FPOREDGE B, SR A 28 B, DR I 3 T 9 26
AL Ui 200 B 1) Foft R 722 £ 5 0 5 Bt DL 808 4 D) A
Ko WFFEFRAEIE DX A 70 2 A0 H A T2 22 [ ) 5%
Z, S SR RS TR I A0 R AR SR B DL 2
(] b Sh 2528 1, A K iy /K it gl s o 19
T TS T i A0 T Y B A2 1

B2 30k
[1] WOMMACK K E, RAVEL J, HILL R T, efal
Population ~ dynamics of  Chesapeake bay

virioplankton; total-community analysis by pulsed-
field gel
Environmental Microbiology,1999,65(1) ;231 —240.

[ 2] BERGH O,BORSHEIM K Y,BRATBAK G, et al.
High abundance of viruses found in aquatic
environments[ J ] . Nature 1989 ,340 :467 —468.

[3] PROCTOR L M,FUHRMAN J A. Viral mortality of
marine bacteria and cyanobacteria[ J |. Nature, 1990,
343.60 —62.

[4] FUHRMAN J A,NOBLE R T. Viruses and protests
cause similar bacterial mortality in coastal seawater
[J]. Limology and Oceanography, 1995,40 (7):
1236 —1242.

[ 5] BRATBAK G,HELDAL M. Viruses rule the waves-
the smallest and most abundance members of marind
ecosystems[ J]. Microbiology Today,2000,27 ;171 —
173.

[6] BETTAREL Y, SIME-NGANDO T, AMBLARD C,
et al. Viral activivy in two contrasting lake

[ J ]. Applide
Microbiology ,2004,70 :2941 —2951.

[ 7] HARA S, TERAUCHI K, KLIKE 1. Abundance of

marine

electrophoresis [ J ]. Applide and

ecosystems Environmental

viruses  in waters: Assessment by
epifluorescence and transmission electron microscopy
[J]. Applide Environmental Microbiology,1991,57;
2731 —2734.

[ 8] HENNES K P, SUTTLE C A. Direct counts of
viruses in natural waters and laboratory cultures by
epifluorescence microscopy [ J ].
Oceanography,1995,40 :1050 —1055.

(9] FmEHR, TR, B i, 55 A FMEFRICH L
IR T R R A (0] T S W,
2007,38(4) :367 —372.

Limology and

http : // www. sexuebao. cn



916 Ko ¥R 35 &
[10]  EE, IR, (B, 4. F 5K E A southeastern Gulf of Mexico: distribution and
IR [T ], 7 51,2008, 39 contribution to oceanic DNA pools [ J]. Mar Ecol,
(4):411 —418. 1993,97.1 —10.
[11] BEWE WY AESEEHE AR IM]. b, [17] WEINBAUER M G,FUKS D,PUSKARIC S, et al.
MR H A ,2006. Diel , seasonal and depth-related variability of viruses
[12] NOBLE R T,FUHRMAN J A. Use of SYBR green I and dissolved DNA in the Northern Adriatic Sea[ J].
for rapid epifluorescence counts of marine viruses Microbiology Ecology,1995,30:25 —41.
and bacteria[ J]. Aquatic Microbial Ecology, 1998, [18] PROCTOR L M,FUHRMAN J A. Viral mortality of
14:113 —118. marine bacteria and cyanobacteria[ J |. Nature, 1990,
[13] CONTRERAS-COLL N, LUCENA F, MOOIJMAN 343.60 —62.
K, etal Occurrence and levels of indicator [19] kAW FigmEe [ T]. KA A ¥R, 2002, 26
bacteriophages in bathing waters throughout Europe (6) :691 —696.
[J]. Water Research,2002,36(20) :4973 —4974. [20] 5KkEE, BHEA, M 2L % H BT R KRR 4 Z 070
[14] WICHELS A, BIEL S S, GELDERBLOM H R, SR AT A AR R S B TRy R R [T].
et al. Bacteriophage diversity in the North Sea[J]. FPUR2F ] B2 AR, 2008 ,54.(2) 1209 —214.
Applide Environmental Microbiology,1998,64(11) ; [21] JIANG S C,PAUL J H. Seasonal and diel abundance
4128 —-4133. of viruses and occurrence of  lysogeny/
[15] AUGESTI S, SATTA M P, MRIA M P, et al. bacteriocinogeny in the marine environment [ J ].
Dissolved esterase activity as a tracter of Marine Ecology Progress Series, 1994, 104
phytoplankton lysis: evidence of high phytoplankton 163 —172.
lysis rates in the northwestern Mediterranean [ J ]. [22] MARANGER R, BIRD D F. Viral abundance in
Limology and Oceanography, 1998, 43 (8 ) : 1836 aquatic systems: a comparison between marine and
—1849. fresh waters [ J]. Marine Ecology Progress Series,
[16] BOEHME J,FRISCHER M E, JIANG S C, et al. 1995,121.1 -3.

Viruses, bacterioplankton and phytoplankton in the

http : // www. sexuebao. cn



6 ] TR A5 R T EL ARSI Bt DL IR BRI DX 40 2 1 2 1L 917

Distributions of virioplankton in the sea of raft culture of
Pationopecten yessoensis in Changhai of Dalian

YU Zuo-an'?, LI Wen-ji'"** , ZHANG Ming"*, LI Hua-lin'"?*,
LIU Xiang-feng'?, LI Da-cheng'*
(1. Liaoning Open Lab of Applied Marine Biology ,Liaoning Marine Fisheries Research Institute ,Dalian 116023, China
2. Key Laboratory of Marine Fishery Molecular Biology of Liaoning Province ,Dalian 116023 , China )

Abstract: To study the distribution and variation of virioplankton in the sea of raft culture of Pationopecten
yessoensis in the Guanglu Island and the Da Changshan, virioplankton abundance was determined by
epifluorescence microscopy ( EFM ). At the horizontal scale, virioplankton abundance in inshore waters
including the surface,10 m and bottom layers were higher than those in offshore waters( P <0.05) ; At the
vertical scale, virioplankton abundance of the surface was higher than that of 10 m layer and bottom layer
(P <0.05)in the offshore waters. There was no difference between 10 m layer and bottom layer, and there
was no vertical difference in the inshore waters between surface and bottom layer. As for the seasonal
changes, virioplankton abundance of spring and summer were higher than those of autumn and winter. The
virioplankton abundance of summer was highest. According to multi-correlation analysis, virioplankton
abundance was distinct positive correlated with the Chl. a (P < 0. 01 ) and positive correlated with the
temperature ( P < 0. 05). Virioplankton abundance had no significant correlation with salinity and DO ( P >
0.05).

Key words: Pationopecten yessoensis; virioplankton; epifluorescence microscopy (EFM) ; cultural area
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