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Abstract: In July (summer) and October (autumn) 2007 and in January (winter) and April (spring) 2008, an investigation
was made on the spatiotemporal distribution of virus in the surface seawater, overlying water and sediment in Xiangshan
Bay. A cylindrical High-fidelity gravity sampler instead of conventional grab sampler was used for collecting samples, and
principal component analysis and multivariate linear stepwise regression analysis were adopted to analyze the
relationships between virus abundance and environmental parameters.Virus abundance during investigation ranged from
6.48%x10%to 1.01x10® cells/mL, with a mean of 1.55x107, 1.03x10%, 1.13x108 cells/mL of the surface seawater, overlying
water and sediment respectively. Significantly high values could be observed for virus abundance in autumn compared to
other sampling time with the lowest value in winter. In vertical direction, the number of viruses in the overlying water and
in the sediment was higher than that in the surface seawater; in horizontal direction, the number of viruses decreased from
the top to the mouth of the bay with higher abundance near the breeding areas. A very high value of virus abundance was
observed near Power Plant as well. Such spatial distribution of viruses in Xiangshan Bay demonstrated that anthropogenic
coastal land pollution and maricultures pollution played the key roles. The dissolved oxygen, surface seawater temperature
and Chl a were the main factors influencing the abundance marine virus in surface seawater. In contrast, the nutrients (N,
P) and bacteria abundance were the main factors influencing virioplankton distribution in the overlying water; in addition,
the virus abundance had significant positive relation with the bacteria abundance in the sediment (P <0.01).
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Table 1  Virus counts in water and sediment from Xiangshan Bay during investigation (x10°cells/mL)
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Table 2 Mean values and range of all parameters in the surface seawater and the overlying water in Xiangshan Bay
during 4 seasons
ES EELD KK LK %= EEL) LK 7K
i J{E+SD S H BJ{E+SD S H hil ¥J{E+SD S ¥I{E+SD S
ST('C) 31.5+1.11 28.5-33.0 - - ST(C) 1027£1.69  6.73~11.42 - -
SS(mg/L) 28.54+0.719  27.47~29.38 - - SS(mg/L)  25.20:0.803  23.25~26.12 - -
pH {8 8.09:£0.04 8.04~8.14 - - pH fi 7.99+0.14 7.64~8.12 - -
DO(mg/L) 5.38+0.27 5.13~6.00 - - DO(mg/L) 8.75+0.40 7.73-9.32 - -
NO; -N(mg/L)  0.544+0.087  0.391~0.697 - - NO; -N(mg/L) 0.6940.092  0.592~0.889 - -
u DIN(mg/L)  0.626+0.110  0.469~0.880 - - L DIN(mglL)  0760:0.161  0.618~1.179 - -
 NO, N(mg/L)  0.046+0.036 -~0.106  0.025:0.020 0.003~0.053 | _ NO, N(mg/L) 0.013£0.014  0.001~0.051 0.038+0.024 0.007~0.063
F NH,~N(mg/L) ~ 0.039£0.022  0.012~0.077 - - F NH;“N(mg/L) 0.054£0.078  0.007~0.289 - -
DIP(mg/L)  0.0542+0.0304 0.0183~0.1204 - - DIP(mg/L)  0.0690.039  0.0347~0.179 - -
Chla(ug/L)  6.561+3.082  3.040~12.662 - - Chla(ug/L)  0362£0.102  0.207~0.540 - -
COD(mg/L) 1.37£0.38 0.67~1.86 - - COD(mg/L)  0.837:0.321  0.59~1.83 - -
TN(mg/L) - - 9.109+2.787 5.48~15.38 TN(mg/L) - - 23.99+1.301 22.90~26.70
PO,’ ~P(mg/L) - - 0.036+0.021  0.02~0.10 PO,’ ~P(mg/L) - - 0.203£0.049 1.630~3.010
ST('C) 19.8+0.98 18.1~20.8 - - ST(C) 14.90:0.940  13.60~16.20 - -
SS(mg/L) 22340905  21.11~24.30 SS(mg/L) 25740902  23.51~26.47
pH i 8.04+0.03 7.98~8.09 pH i 7.9140.08 7.69~7.98
DO(mg/L) 6.98+0.13 6.80~7.15 DO(mg/L) 7.01£1.19 5.25-8.29
NO,“N(mg/L)  0.766£0.110  0.653~0.971 NO; -N(mg/L) 0491£0.063  0.327~0.597
_ DIN(mglL)  0.820£0.1126  0.643~1.008 _ DIN(mg/L)  0.563£0.144  0.363~0.925
R, NO,“N(mg/L) ~ 0.006£0.005  0.002~0.017  0.013£0.021 0.000~0.065 ﬁ NO,“N(mg/L) 0.018£0.017  0.003~0.065 0.017+0.017 0.001~0.050
F NH,-N(mg/L) 0.04740.0225  0.019~0.086  0.100:0.144 0.000~0.481 F NH,“N(mg/L) 0.053£0.090  0.003~0.310
DIP(mg/L)  0.0757+0.0339  0.0366~0.1640 DIP(mg/L)  0.05130.0317 0.0292~0.137
Chla(ug/L)  1.512:0.864 -~3.506 Chla(ug/L)  1.525:0.534  0.960~2.701
COD(mg/L) 0.85+0.17 0.68~1.34 COD(mg/L)  0.659+0.219  0.27~1.09
TN(mg/L) TN(mg/L) 11.06£1.357 9.347~14.08
PO, -P(mg/L) 0.074£0.047 1.630~3.010 PO, ~P(mg/L) 0.060£0.035 0.021~0.136

TE = AR A I

SGALHE R 2K I B T (log10) 5 32
153 PCAs 1953 HEAT 22 J0IE 8 [ A 53 #7465 5L
4.2 ATGIE A 1S3 PCA3 HEA
[l AT, 5P & Gt ¢ R & (P < 0.000).]H]
AT RN TVAGR ZKIFI R ) = 6.224
+ 0.445PCA3 (P<0.000), 1] 777 F& H V7 93 85
FEMISERR 5 R T 10 1) X0 AT 2R, %
PR g sz R AL 0.625.38 1 L 9] 05 5 B A K
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FIFE(P<0.001, R =0.634); 5 78 /K (73 40 B 5L
R IEASS(P < 0.001, R =0.491).
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Table 3 Results of principal component analysis of environmental factors-Various factors loading and explained variance

(surface water)

A i FRY 1 T 2 Ty 3 Ty 4 Fsy 5 F o 6 Ty 7
THB -0.087 - 0.144 - 0.251 ns 0.087 - 0.938%%* 0.021- 0.082-
TPB -0.210 - 0.321 * 0.239 ns 0.085 - 0.089 — 0.011- 0.872 #**
ST -0.082 - 0.391 ** 0.786 *** 0.262 ns 0.250 ns -0.102- 0.198-
SS -0.618 *** 0.471 *** 0.140 - 0.134 - 0.356 ** -0.348* 0.011-
pH {H 0.064- 0.117 - 0.232 ns 0.861 *** 0.098 - -0.301* 0.094-
DO 0.108 -0.264 ns -0.905 *** 0.099 - -0.164 - 0.016- -0.128-
NO; -N 0.947 *#* -0.086 - -0.131 - 0.065 - -0.029 - 0.127- -0.119-
DIN 0.918 *#* 0.092 - -0.029- -0.315 * -0.032 - 0.136- -0.090-
NO, -N -0.103- 0.794 % 0.263 ns -0.324 * 0.046 - 0.329 * 0.111-
NH, N 0.343 * 0.126 - 0.118 - -0.891 *** -0.037 - -0.061- -0.013-
DIP 0.428 * 0.154 - -0.041 - -0.174 - 0.024 - 0.836 *** 0.000—-
Chla -0.196 0.750 *** 0.535 *** 0.163 - 0.084 - 0.157- 0.123-
COD 0.169- 0.791 *** 0.240 - 0.067 - 0.173 - -0.132- 0.323 *
FEIEAH (%) 2.574 2.456 2.079 1.916 1.156 1.111 0.987
U5 ZETTHRZE(Yo) 19.798 18.896 15.990 14.735 8.891 8.546 7.593

i BEMERE* P <0.05; ** P<0.01; *** P <0.000; ns: 0.05<P<0.1;-P>0.1
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Table 4 Result of stepwise regression between the

virioplankton abundance of surface water

and PCAs

A ESES WEMAKE P
ke 6.224 0.000 ===
PCA1 -0.018 0.739
PCA2 0.006 0.923
PCA3 0.445 0.000 *+*
PCA4 0.012 0.829
PCA5 0.012 0.819
PCA6 0.067 0.217
PCA7 0.088 0.108

TR P<0.000
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