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Fig.1 Study area and sampling stations in the Xiangshan Bay
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Fig.2 Temporal and spatial variations of phytoplankton taxonomy

x1 FHFEVRBEHEREE®D

Tab.1 Dominant species of phytoplankton and their dominance (Y)

S. costatum — — — 0.129 0.044 0.021 0.032
Planktoniella sol 0.139 0.333 — 0.158 0.144 0.172 0.158
Coscinodiscus asteromphalus 0.087 0.031 0.194 0.048 0.097 0.082 0.090
C. concinnus — 0.048 0.301 0.030 0.081 0.110 0.095
C. granii — — 0.167 — 0.048 0.036 0.042
C. jonesianus 0.651 0.220 0.204 0.067 0.275 0.297 0.286
C. radiatus 0.038 0.039 — 0.115 0.039 0.057 0.048
C. spinosus — 0.020 — — — — —
C. subtilis — — 0.052 — — — —
Biddulphia sinensis — — — 0.023 — — —
Chaetoceros lorenzianus — 0.045 — 0.029 — — —
Synedra acus — — — 0.025 — — —

Nitzschia paradoxa — 0.030 — — — — —




5 1027
250 O eFmR
BRBX 6.0 oxRBKX
o 200f OXVRX a a s50b 82K
< 150 ?‘3 40r
5 B
w100 E‘E 3or
X
H# £ 20}
2 5 =
& 1.0
0 0
101 & =
wEX
T smex a 09} EFSE
25 ¢ oywmx 0g| “URK
' ol e2X
B2 X L 07}
T 20 & 06F
e o
W 15 W 05T
+H
e N 04Ff
| by
o 1.0 03}
05 | 02}
01}
0 . . 0
2= 5=
3 (Mean#SD)
Fig.3 Temporal and spatial variations of density and biodiversity indices for phytoplankton
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Fig.4 Cluster analysis on phytoplankton community in different seasons
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# 3 IEEF(MeantSD)HI BT ZS 45 4E

Tab.3 Temporal and spatial characteristics of environmental variables

(m) 14.49+6.83 12.34+5.17 13.42+46.15 14.90+6.50 12.64+5.43 13.77+6.09
() 17.37+£0.27 17.07+0.57 17.22+0.47°¢ 28.26+0.42 28.10+0.18 28.18+0.33°
26.21+0.12 26.00+0.60 26.10+0.44° 23.12+0.32 22.86+0.61 22.99+0.50°¢
pH 7.66+0.01 7.69+0.07 7.68+0.05™ 7.75£0.03 7.70£0.05 7.7340.04™
DO(mg/L) 9.88+0.10 9.35+0.22 9.62+0.31° 7.63+0.58 10.2342.09 8.93+2.01°
NO;-N(mg/L) 0.508+0.025 0.448+0.029 0.478+0.040° 0.673+0.060 0.652+0.080 0.662+0.062°
NO,-N(mg/L) 0.034+0.002 0.027+0.005 0.031£0.004° 0.055+0.009 0.061+0.005 0.058+0.008"
NH4-N(mg/L) 0.074+0.012 0.077+0.004 0.075+0.010° 0.085+0.031 0.076+0.014 0.079+0.019°
PO4-P(mg/L) 0.060+0.012 0.044+0.008 0.052+0.009¢ 0.068+0.005 0.066+0.003 0.067+£0.004¢
Si0;-Si(mg/L) 0.806+0.029 0.749+0.045 0.77840.036° 1.032+0.099 0.945+0.008 0.989+0.083°¢
(m) 14.30+6.66 12.10+4.72 13.20+5.87 14.26+7.51 12.40+5.57 13.33+6.68
() 23.06+0.37 22.86+0.56 22.95+0.49° 11.29+0.34 11.05+0.28 11.17+0.34¢
20.05+0.16 20.10+0.33 20.08+0.26° 23.67+0.28 23.87+0.36 23.77+0.34°
pH 7.25+£0.75 7.49+0.31 7.37+0.258° 7.95+0.03 7.98+0.02 7.96+0.02%
DO(mg/L) 10.02+1.50 9.20+1.46 9.61+£1.53° 14.50+1.33 13.75+£1.99 14.13+1.73°
NO;-Nmg/L) 0.812+0.086 0.833+0.006 0.822+0.062° 0.728+0.040 0.788+0.025 0.758+0.029*
NO,-N(mg/L) 0.027+0.005 0.028+0.013 0.027+0.010° 0.027+0.002 0.020+0.012 0.024+0.005°¢
NH4-N(mg/L) 0.049+0.011 0.085+0.031 0.067+0.029* 0.034+0.010 0.037+£0.013 0.035+0.012°
PO,4-P(mg/L) 0.087+0.010 0.081+0.011 0.085+0.011* 0.082+0.012 0.066+0.008 0.0744+0.009°
Si0;-Si(mg/L) 1.352+0.088 1.280+0.117 1.316+0.110% 1.129+0.045 1.186+0.049 1.158+0.047°
; (P<0.01)
o 4 pid 4
Do% 76
3
IS
SAL - = NO,-N
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Fig.6 RDA (redundancy analysis) ordination of environmental variables with dominant species of phytoplankton
cA13 RDA ; B: RDA Tem: ; Sal: ;1 Planktoniella
sol; 2: C. jonesianus; 3: C. radiatus; 4: C. asteromphalus; 5: C. spinosus; 6:
C. granii; 7: C. concinnus; 8: C. subtilis; 9: Chaetoceros lorenzianus; 10: Nitzschia

paradoxa; 11: Skeletonema costatum; 12: Synedra acus; 13: Biddulphia sinensis
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s 2012)
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Tab.4 Temporal and spatial characteristics of phytoplankton in Xiangshan Bay
(x10*nd./m%) H' J DO
2006—2007 16.33 — — 7.21 ( ,2011)
44.50 1.49 0.43 8.45
2010 54.34 1.58 043 8.48 ( »2012)
49.42 1.54 0.43 8.47
56.71 1.92 0.69 10.51
2014—2015 53.82 1.82 0.67 10.63
55.27 1.87 0.68 10.57
33 Si0;-Si) DO,
RDA ( 6A),
( , 2003; , 2011)

(NO;-N PO,-P



5 1031
( ) : , 1992.
, 166—233
’ , , ,2009.
’ ( ) > ,40(2): 138—144
, , , , , 2013.
( ) : - L ,
37(5): 94—99
’ , , , 2010.
(Lv et al, 2014; Licursi et al, ) ,30(2): 377—388
2016) , : : , 2012.
(NO;-N PO,P  SiO;-Si) , :
32(18): 5813—5824
( ) ; i , , 2014
25(7): 2123—2131
( ) ( ) , , , 2005.
> . ,36(6): 487—498
) s ,2012. Ecopath
23(10): 2878—2886
( ,2013), DO , , . 2010,
, 34(5):
Lv  (2014) (2014) 751759
, , 2002. L2 : ,
158—163
> , , , 2000.
) , 29(8): 4053—4060
, , , 2008.
’ ,27(5): 488—491
’ ’ , , , 2013.
RDA , . , 35(4): 396—404
, , , 2011.
’ 12 , 17(5): 615—623
, , , 2010.
RDA ( 6B), ) ,(2): 155—161
, , , 2014.
, 1. ) ,
36(4): 82—90
’ , , . 2013
(M ’ ’ , 11(2): 292—296
(2) , , , 2003.
, , 14(7):
( . 2000), ’ 1044—1048
, , 2014.
: ,127-131
, , 1999. 1.
) ,30(5): 465—470
) , , 2010. , , 2000. 1.
, 34(1): 78—87 ,31(3): 322—326
, , 2011. , , , 2011.
: ,125—137 ) ,29(1): 73—83
, , , , 2007.
, 2008. GB/T 12763.6-2007 2005 , 26(3):
6 : , 370—379
41—44 , , 2000.

s



1032

47

, 28(4): 83—88
, 2004.
,28(3): 316—322
, , ,2014.
,45(3): 488—495
Boaventura D, Moura A, Leitdo F et al, 2006. Macrobenthic
colonisation of artificial reefs on the southern coast of Portugal
(Ancdo, Algarve). Hydrobiologia, 555(1): 335—343
Chen Y H, Wang H J, Yang Y F, 2008. Characteristics of
phytoplankton community in Daya Bay artificial reef area,
Guangdong China. Ecological Science, 27(5): 429—430
Dupont J M, 2008. Artificial reefs as restoration tools: a case
study on the West Florida Shelf. Coastal Management, 36(5):
495—507
Fabi G, Sala A, 2002. An assessment of biomass and diel activity
of fish at an artificial reef (Adriatic Sea) using a stationary
hydroacoustic technique. ICES Journal of Marine Science,
59(2): 411—420
Falcao M, Santos M N, Drago T et al, 2009. Effect of artificial

reefs (southern Portugal) on sediment-water transport of
nutrients: importance of the hydrodynamic regime. Estuarine,
Coastal and Shelf Science, 83(4): 451—459

Jiang Z Y, Liang Z L, Tang Y L et al, 2010. Numerical simulation
and experimental study of the hydrodynamics of a modeled
reef located within a current. Chinese Journal of Oceanology
and Limnology, 28(2): 267—273

Licursi M, Go'mez N, Sabater S, 2016. Effects of nutrient
enrichment on epipelic diatom assemblages in a nutrient-rich
lowland stream, Pampa Region, Argentina. Hydrobiologia,
766: 135—150

Lv H, Yang J, Liu L M et al, 2014. Temperature and nutrients are
significant drivers of seasonal shift in phytoplankton community
from a drinking water reservoir, subtropical China. Environmental
Science and Pollution Research, 21(9): 5917—5928

Snoeijs P J M, Prentice I C, 1989. Effects of cooling water
discharge on the structure and dynamics of epilithic algal
communities in the northern Baltic. Hydrobiologia, 184(1—2):
99—123

COMMUNITY STRUCTURE OF PHYTOPLANKTON AND THE RELATIONSHIP
WITH ENVIRONMENTAL VARIABLES IN MARINE PASTURE
DEMONSTRATION AREA IN XTANGSHAN BAY

CHEN Chen', WANG Li', JIAO Hai-Feng"?, SUN Yuan?,

WANG Yi-Nong', YOU Zhong-Jie" >

(1. School of Marine Science, Ningbo University, Ningbo 315211, China; 2. Ningbo Academy of Oceanology and Fisheries, Ningbo
315211, China)

LIU Dong',

Abstract
demonstration area and the control area of Xiangshan Bay, East China Sea between April 2014 and January 2015, the

Based on the phytoplankton and environment data collected from seasonal surveys in the marine pasture

community structure of phytoplankton was studied and the relationships with environmental variables were evaluated by
redundancy analysis. A total of 95 phytoplankton species belonging to 7 phyla and 59 genera were collected, including mainly
Bacillariophyta (64 species), Chlorophyta (10 species), and Dinophyta (9 species). Coscinodiscus jonesianus, Planktoniella
sol, and C. asteromphalus were the main dominant species. There were obvious seasonal variations in species composition of
dominant species. Results of two-way ANOVA show that the phytoplankton abundances, the biodiversity indices
(Shannon-Wiener diversity, Pielou evenness, and Margalef richness index) and the environmental variables (temperature,
salinity, pH, DO, NO;-N, NO,-N, NH4-N, PO,-P and SiO;-Si) were significantly different in season (P<0.01). The
phytoplankton abundances in autumn and spring (121.59 and 79.39x10" cells/m’) were significantly higher than those in
winter and summer (13.05 and 7.05x10" cells/m’), and all the biodiversity indices were ranked as winter > summer > autumn
> spring. The phytoplankton abundances, biodiversity indices, and environmental variables showed no obvious differences
between the two areas (P<0.05). The average annual abundance and all the biodiversity indices were ranked as demonstration
area > control area, which agreed with the temporal and spatial distributions of phytoplankton community indicated by
clustering and non-metric multidimensional scaling. Therefore, the construction of the marine pasture demonstration area was
conducive to the growth of phytoplankton, but the resultant effect was mild. Redundancy analysis suggested that the main
variables affecting the community structure were salinity, followed by temperature, nutrition (NO3-N, PO4-P and SiO;-Si),
and DO. Different species of phytoplankton respond to these main variables in different ways.

Key words Xiangshan Bay; marine pasture;

phytoplankton; environmental variables; redundancy analysis
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