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Tab.1 Differences in environmental parameters among areas and among seasons

B4 KM WAERC . - pasezv/l] TR VML EPEREER  VEMEREER MUY B At/ 4k #al
qeag:ns am;s ?_ ‘”LSK . HX (mg/L) (mgL)  HUmgl) Hh/mgl) #H(mgL)  (mglL) (mg/L) (mg/L) (ng/L)
o P Ss DO DIN PO,-P Si05-Si TOC ™™ TP Chl.a

FFE 00 18.6£0.2° 2527+0.09° 8.029+0.002° 17.5+5.6°  8.0+£0.1" 0.726+0.038" 0.043£0.001* 1.298+0.022" 1.182+0.071° 0.854::0.032° 0.063+0.003" 2.377+0.225®
spring
Cl1 18.5£0.2° 25.50+0.03" 8.045+0.005° 7.6+1.1° 8.340.1° 0.712+0.008" 0.037+0.003" 1.127+£0.007" 1.263+0.085™ 0.861+0.053" 0.052+0.002" 2.898+0.530"
FO  17.0£0.3" 26.10£0.00° 8.030+0.001" 10.8+1.3®  8.0+0.0° 0.68+0.037*  0.037+£0.000° 1.306+0.021* 1.555+0.167* 0.819+0.056™ 0.052+0.000" 1.793+0.057"
KO 17.7+0.1" 26.07+0.04™ 8.045+0.005" 7.9+1.6" 8.1£0.1™  0.655+0.022° 0.035+0.000° 1.264+0.028" 1.715+0.551™ 0.727+0.012° 0.049+0.001° 1.830+0.215°
C2  17.8+0.8" 26.06+0.02" 8.050+0.028" 9.8+1.6™ 8.2+0.1™ 0.6440.063° 0.034+0.003" 1.2530.055" 1.330+0.087"0.704£0.046" 0.048+0.003" 1.507+0.549"
2K 17.9+0.7° 25.8£0.4°  8.04£0.01°  10.07+4.41* 8.14+0.14°  0.683+0.046" 0.037+0.003" 1.250+0.072* 1.409+0.303* 0.793+0.077" 0.053+0.006" 2.081+0.601"

whole
HE 00 26.7+0.1" 19.05+0.17" 7.850+0.008" 14.7+2.8" 6.7+0.1° 1.0410.024% 0.063£0.000° 2.296+0.044" 1.480+0.162" 1.110+0.011" 0.082+0.002™ 2.785+0.837"

S Cl  27.240.0° 18.93+0.12 7.869+0.009" 24.2+4.1°  6.7+0.1° 1.043£0.026° 0.061+0.001™ 2.270+£0.082" 1.822+0.067" 1.142+0.029° 0.084+0.002° 3.357+0.709"
FO  25.8+£0.3' 20.51+0.05" 7.908+0.006° 47.7422.9"  6.6+0.1° 0.982+0.026™0.054+0.001" 1.958+0.040™ 1.860+0.282" 1.039+0.042" 0.076+0.003" 1.282+0.283"
KO  25.8+0.1° 20.25£0.54™ 7.913+£0.005" 38.3+5.8°  6.6+0.0" 0.968+0.010™ 0.054+0.000" 1.909+0.017* 1.710£0.414* 1.036+0.033™ 0.075+0.003" 1.193+0.128"
C2  25.9+0.3" 20.42+0.25° 7.909+0.011° 23.5+4.0®  6.6+0.1° 0.948+0.016° 0.054+0.000° 1.939+0.090™ 1.415+0.121° 0.985+0.018* 0.073+0.003* 1.188+0.238"
2K 263+0.6° 19.8£0.8"  7.89£0.03"  29.69+15.27° 6.65:0.09"  0.996+0.044° 0.057+£0.004° 2.074+0.185° 1.657+0.277" 1.063+0.063 0.078+0.005° 1.961+1.053"

whole
&S 00 24.2+0.1° 19.20£0.12" 7.766£0.020° 31.0+3.6™ 6.9£0.0° 0.940+0.023" 0.074+0.002™ 2.047+0.010° 1.4420.030° 0.9800.034" 0.097+0.000° 2.702+0.348°

autumn
Cl 24.2+0.1° 19.10£0.10° 7.787+0.048" 22.4+5.6"  7.0+0.0° 0.959+0.019" 0.075+£0.000° 2.039+0.008™ 1.968+0.814° 1.018+0.020° 0.092+0.003" 2.552+0.212"
FO  24.3+0.1° 20.69+0.20™ 7.783+0.018" 199.4485.0° 6.8+0.2" 0.797+0.009" 0.061+0.003" 1.77240.052" 4.807+3.513" 0.890+0.058" 0.093+0.005" 1.500+0.148™
KO  24.4%0.1" 20.87+0.03" 7.809+0.011" 100.0+16.7" 6.8+0.0° 0.806+0.005" 0.061+0.001* 1.756+0.008"™ 2.62140.757* 0.903+0.056° 0.087+0.002"" 1.238+0.083"
C2  24.3#0.1° 20.9240.21° 7.821+0.014" 67.8420.9"™ 6.8+0.0° 0.793+0.009° 0.061+0.002" 1.736+0.054° 4.343+2.285* 0.916:0.067° 0.084:0.002" 1.420+0.330™
2K 24.3+0.1€ 20.2£0.9°  7.79£0.03"  84.11+74.28° 6.86+0.086" 0.859+:0.078" 0.066:0.007" 1.870+0.149° 3.036+2.133% 0.941:0.066" 0.091+0.005" 1.882+0.670"
whole
A& 00 10.6+0.0° 23.5620.02" 8.189+0.008™ 15.9+2.5"  9.4+0.1™ 0.877+0.020" 0.047+0.000° 1.193+0.030° 1.148+0.093* 0.953+0.011° 0.065+£0.002" 3.597+0.299"
Cl 10.2+0.1° 23.53£0.04" 8.230+0.018° 13.1+4.0"  9.9+0.1° 0.897+0.022° 0.046:0.002" 1.268+0.198" 2.108+0.621° 0.982:+0.027° 0.067+0.002" 15.372+4.720°
FO  10.4£0.1" 25.07+0.21°  8.162+0.004" 104.4+33.8° 9.2+0.1° 0.8050.048"0.043+0.002" 1.214+0.052" 2.797+1.311° 0.943+0.040™ 0.067+0.003* 1.207+0.182*
KO  10.5+0.1% 24.83+0.18"™ 8.167+£0.010® 56.5+15.0*  9.3+0.1*" 0.739+0.060™ 0.039+0.005™ 1.292+0.174" 2.19040.495" 0.920+0.045™ 0.065+0.002" 1.528+0.284"
C2  10.5+0.1° 24.67+0.07" 8.176£0.006°40.6+17.0™  9.4+0.0™ 0.712+0.027* 0.037+£0.001* 1.068+0.042" 2.243+0.415* 0.855+0.020° 0.062+0.001° 1.580+0.058"
2K 104+02% 24.3+0.7°  8.18£0.03°  46.09+37.78°°9.46+0.24°  0.806+0.082" 0.043+0.005" 1.207+0.131* 2.097+0.816" 0.931:0.051" 0.065+0.003" 4.657+5.893"
whole
00. HWFFHX: CL. HMFFHFIEIX: FO. MAFRIIX: KO. #WAF IR C2. AR FRIA IR IX ;. Whole. (X, BIZETIME. T. % S. #/¥F: pH. BRBUE: SS. &
Y1: DO. %R DIN. IEMEEHLE: PO,-P. iGVEBERRER: SiOs-Si. iGVERERREE: TOC. MA MR TN. B%; TP. B Chle. M&:HKa. NEFRARFAZRXEHEFRE, K

FYRARRRENERLE, P<0.05

Notes: O0: oyster farm; C1: control of oyster farm; FO: fish farm; KO0: kelp farm; C2: control of fish farm and kelp farm; Whole: whole areas, that is seasonal average. T: temperature; S:

salinity; pH: potential of hydrogen; SS: suspended solids; DO: dissolved oxygen; DIN: dissolved inorganic nitrogen; PO,-P: phosphate; SiO;-Si: silicate; TOC: total organic carbon; TN: total

nitrogen; TP: total phosphorus; Chl a: chlorophyll a. Difference in lowercase indicates significant difference in areas, difference in capital indicates significant difference in seasons, P<0.05
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SALAEAE TAL UG R KO0 S BRI Clig e, op TP RSV IR IO SRR L 002,734, HEARSR
TR S M RETE 2 1] (22) P53 #1353 156 FH CCAFIRDA

e e . N . CCAMIRDAM 52 5§+ % K % (Monte Carlo
2.3 FiEhEESMERFHXR test)Fe M, 5F —Jll RIT 450 Al 40 b o A 2 LAtk

0 00 T ORI R F 5% R A FHRE(P<0.05), HHEFATRZAI{EH. CCA
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Fig. 2 Differences in zooplankton biomass and abundance among areas across four seasons

Difference in lowercase indicates significant difference in areas, difference in capital indicates significant difference in seasons(P<0.05), the same below
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Tab.2 Two-Way crossed ANOSIM on differences in zooplankton communities across seasons and areas
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Notes: * indicates significant differences (P<0.05), ** indicates very significant differences (P<0.01)
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Effects of three different aquaculture activities on zooplankton
community in Xiangshan Bay

DU Ping ', XU Xiaoqun’, XU Xudan’, ~ZHOU Konglin>, LUO Xin°,
CHEN Quanzhen’>, ZENG Jiangning?>, SHOU Lu’, ZHANG Demin "

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Key Laboratory of Marine Ecosystem and Biogeochemistry, State Oceanic Administration,
Second Institute of Oceanography, Hangzhou 310012, China;
3. Marine Environmental Monitoring Center of Guangxi, Beihai 536000, China)

Abstract: To explore the effects of three different aquacultures on planktonic ecosystem in semi-closed bay, the
macro- and meso-zooplankton community, meso- and micro-zooplankton community and 12 kinds of associated
environmental factors were studied inside and outside the fish cage aquaculture, kelp raft aquaculture, and farms in
Xiangshan Bay via seasonal cruises during 2015. The results demonstrate that: compared with the control areas in
the oyster farm, the macro- and meso-zooplankton community composition changed obviously, and the dominance
of Acartia pacifica declined during summer and autumn, while that of Centropages abdominalis went up in winter;
in the fish farm, the dominant species of macro- and meso-zooplankton changed, with the dominance of
Centropages abdominalis declining during spring and winter, and dominant species composition changing
obviously in autumn; however, in the kelp farm, there was no marked change in zooplankton community;
moreover, the effects of the three different aquacultures on biomass, abundance and a-diversity of zooplankton
community were nonsignificant. Analyzing the above results, combined with the hydrological characteristics in
Xiangshan Bay and the environmental factors inside and outside the farms, we considered, the change in
zooplankton community was a comprehensive result of oyster filter-feeding behavior and the poor water exchange
capacity in Tie Harbor, and the zooplankton dominant species variation might relate to elevated total phosphorus
content in the farm; in our study, fish cage aquaculture effects on environment and zooplankton were less, mainly
due to the small aquaculture scale recently and good hydrodynamic condition in Xihu Harbor; the kelp aquaculture
was inadequate to influence the water quality and zooplankton community, because of its small cultural scale and
short cultural period every year (only in spring and winter). In addition, the variation in macro- and meso-
zooplankton was more obvious than that in meso- and micro-zooplankton, which may be related to the higher
stability in meso- and micro-zooplankton community.
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