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Fig.1 Location of sampling station in the Sanggou Bay
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S5SNI, A 31 Jm 5 M Rl 24 J® 43 B, Hop,
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Tab.l Main parameters of water quality in Sanggou Bay
£¥ Z=75 Season

Parameters % 7% Spring H 2 Summer 7 Autumn £-Z% Winter
KR T(C) 9.26+2.37 22.40+3.13 14.14+1.01 3.51+1.27
R4 DO (mg/L) - 7.41+0.21 8.16+0.51 10.84+0.52
pH 7.84+0.13 8.02+0.08 8.06+0.09 8.16+1.30
£ Salinity 32.31+0.03 31.85+0.08 32.02+0.16 32.72+0.08
B E SD (m) 0.88+0.64 2.90+1.50 1.47+0.84 1.49+1.23
NH;-N (umol/L) 1.73+£0.63 3.14+1.53 3.81+1.63 3.02+1.26
NO;-N (umol/L) 0.28+0.05 0.35+0.04 1.86+0.28 0.86+0.15
NO3-N (umol/L) 2.34+1.18 5.64+4.87 7.92+2.69 7.63+£1.95
DIN (umol/L) 4.35+1.24 8.80+2.01 13.59+3.27 11.52+3.11
POi’—P (umol/L) 0.26+0.21 0.13+0.12 0.21+1.17 0.38+0.27

N 2 PR, SIVETRIEAED A W, s
FIfEA AT P BEA S X A HE, WENETR
F, BHEAE 2~4 MR, B NREEZE, Nagk
F, R G R T 2T ERIEEY 69.3%~89.5% 141
i, Hid, HAEIAHIEEAE 4 DR LR, P
PIREAE 0.24%10°~3.89x10° AN/L Z 4], 4&ub v 5kt
A TE 18.6%~84.9% 2 1], FRAlEfZ:, HAlah:
BRI B, MERERSMKRE, SuEE
51 WA 35.8%. 7341, A 522 I B (Nitzschia paradoxa) .
/NI (Cyclotella sp ) FERK R4 =1 R #F

WU W B B KM M B (Ceratium
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scintillans) . % B J5i Z 1 3 (Protoperidinium), 457577
SEHRELE 0~0.02x10° /L Z[8]; 4 i NERZE 4
#: (Isochrysis galbana) . /] % 3l %if: #f 3 (Dictyocha
fibula), %327 ¥ EEAE 0~0.13x10° 4N/L Z [i] 5
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0.13x10° 4~/L Z [l ; % ¥ k4 h £ JIE 3% (Anabaena
circinalis), %217 V- A 0~0.48x10° 4~/L Z i)
544 B 0L SR A EE Bl S 4% 8 (Skeletonema
costatum) . % #F B (Synedra sp.) . FF 2 40 A EE
(Leptocylindrus danicus)Zs 71 4F Hy 38 1 L #fh 15 A 4E
B LURD I, R h . MERE. SRR
(5] 7 35 D0 2 A L B ) AR S
222 FHEMMOFESH mE 2 R, HF2RITE
TR 20 i B2 AE 0.28%10°~10.48%10° /L Z [H],
BIER 4.44x10° AL, SLRE 22 Rk, Hop, &
5 99.7%, 5 0.3%, HAEMARL 8 R E B LR,
h7 84.9% AL . A7 2= 1Y TR AR A e 1 X IR AE VS Y
IREE X, 32 B DA DX Ao 1) 8 N S 7S 403k ik
BRI MTE 0.16%10°~6.60x10° /L 2
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Tab.2 The dominant species of phytoplankton in Sanggou Bay

N7 VA 3R =N JAN
A i 4 Fip A SRk BT
. . [
. . . Average density Quantity percentage (%)
Season Dominant species Dominance 3 -
(x10°cells/L) Hifp Single AT Total
H ELREA$ 3 Paralia sulcata 0.679 3.77 84.9 89.5
Spring B3  Coscinodiscus sp. 0.037 0.21 4.6
2 WEsESH B Chaetoceros curvisetus 0.192 0.66 38.5 69.3
Summer HEEfE¥ Chaetoceros tortissimus 0.050 0.28 16.7
HA#maHi Paralia sulcata 0.042 0.24 14.1
&S ELMEMH % Paralia sulcata 0.335 1.62 41.9 71.3
Autumn 253513 Nitzschia paradoxa 0.147 0.63 16.3
5 LN 3 Guinardia delicatula 0.060 0.58 15.0
/NRPE Cyclotella sp. 0.029 0.16 4.1
= HEhhHr%E Paralia sulcata 0.363 3.89 58.1 77.4
Winter JNFREE Cyclotella sp. 0.047 0.36 5.4
ih £+ Pleurosigma sp. 0.036 0.65 9.7
ZF 522 L ¥ Nitzschia paradoxa 0.032 0.29 4.2
N HZE N
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Fig.2 Seasonal variation of the abundance of phytoplankton cells (x10* cells/L) in Sanggou Bay
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Fig.3 Seasonal distribution of phytoplankton diversity index (Shannon-Wiener index) in Sanggou Bay
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ERERAMC . BRESEMARTMG, SURE b, FIPEY SO S B IEAC, Hh EFA R
REGRIEARSC, KRR SR N TAERMC B IEP<0.01), JFH, BREFN, FIFEYREK
Ph, AT 5 G A SR i A O o TR A B FREHRS B B UG

37.15° 37.15°

37.10°

37.10°

37.05° 37.05°

22.40° 122.40° 122.60°E

&%
Winter

37.10° 37.10°

37.05° 37.05°

37.00° ? ' 37.00° 7

122.40° 122.50° 122.60° E 122.40° 122.50° 122.60° E
Kl 4 RWETEIEY S5 AR EU(Pielou F8 80 Z 15 70 i

Fig.4 Seasonal distribution of phytoplankton evenness index (Pielou index) in Sanggou Bay
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Tab.3 Pearson correlation between the phytoplankton cell abundance and environmental factors

BRI K T % 2% Spring 2 Summer k2 Autumn A2 Winter
Environmental factors R P R? P R P = P
KT -0.637" 0.048 0.473 0.168 -0.259 0.470 0.315 0.447
BEWEE SD -0.508 0.134 0.410 0239  —0.198 0.583 ~0.642 0.086
Eh B Salinity —0.648" 0.043  —0.548 0.101 0.264 0.527 0.476 0.233
WA DO - - —0.649" 0.042 0.367 0.297 -0.594 0.121
pH —0.847" 0.002  -0.423 0.223 0.616 0.058 -0.313 0.450
NO3-N 0.278 0.437 0.000 0.999  —0.427 0.219 -0.700 0.053
NO3-N 0.188 0.602  —0.269 0.453 -0.167 0.645 0.206 0.625
NH;-N -0.134 0712  -0.351 0.320  —0.157 0.665 -0.235 0.575
PO} -P 0.437 0.206 0.895  0.001 -0.236 0.512 0.066 0.877

TE: *P<0.05 27 03%E; **P<0.01 25K 8#H
Note: * P <0.05, significant difference; ** P < 0.01, highly significant difference
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KA HY S 1 U T R 25 A 5 W) 2 T T A )
RETR S5 o WA i A BRI B4 1 pmol/L, W FR
4 B 4 0.2 pmol/L(Dortch et al, 1992), 1Ak, ]
G EE ke T W 7 DA ) 1 7 R R PR T, Ul R T L
16 : 1, HIVE s 20 A U L — BT, O R A
A4 K (Redfield et al, 1963), 4 (HBE/NT 16 - 15,
RMRGNH T, BB

3 3k XoF 5% 98 VS D AT R VA R R 45 A R U1 00
(F 4, UL, DHETHIARERSTEI, ®E

e BEARIZETAN, RIBEABE>16, THLA
W EE X i T AR BE ik 2 2 W R ER VR B AR T
ST B R B . AR AT A AR A A L
F4L, 2017~2018 4E45 3k 57 TCHLATE 3.30~20.36 pmol/L
ZMa), ok BE ¥ T BRI kB, TG ML v R A
0.01~0.97 umol/L Z [i], 44FF-¥J{EH N 0.25 pmol/L,
A 38 22 DX IR P a0 R )k B 4% 2 R LT3
£ 19.66~87.34 Z 1], BRABFZEMANEAIN, HlEY
>16. MR 3)BIR, A F PRI F
HEAMB NG, BRI, FIEY 5oL
HIEMSE, TRVE 1, BERR 2 SIS IR I Y A K
() E PR SRR WA S BRI R I —E
FEEE b7 BB R IX — (&8, 2014),

R4 RIGEEEER BN G5B < B L B AR

Tab.4 Long-term observation data of nitrogen and phosphorus concentration and structure in Sanggou Bay

JagsntE AR ICHLA DIN(umol/L)

W2 £k PO3™-P(umol/L)

AW N/P

Investigation  #% ] 774 ZS # = k &S & = K 55 iﬁiﬁz
time Spring Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter
1994 339 587 2048 2.81 0.24 0.19 0.54 048 14.10 30.90 3790 590 RxFI%(1996)
1997 396 7.21 20.43 10.01 - - - - - - - - & A 55(1998)
2003~2004 4.85 16.83 2259 6.73 0.11 0.24 031 0.26 44.10 70.10 7290 2690 $hARE%(2007)
2006~2007 3.08 7.97 15.84 1138 0.24 0.18 0.88 0.60 1571 76.99 19.03 21.78 3k#k£1%:(2010)
3.86 9.06 144 9.17 0.09 0.12 0.68 0.32 55.00 105 21.70 27.20  ppIHILE(2010)
2013~2014 5.57 3.19 138 8.02 031 0.13 0.58  0.33 19 32 24 33 R (2014)
2014~2015 8.75 9.02 13.35 833 0.41 042 0.70  0.59 27.37 2841 2042 1828 fRrASL%(2017)
2017~2018 4.35 8.80 13.59 11.52 026 0.13 0.21 0.38 19.66 75.36 87.34 47.93 ZAHf5T This study

ST AT SR SRR, LR THLA, A
FEEEMEW, FE2AKRE T, SR, kA
PR R, W A B T LR R ICRE ) (B R
S5, 2018), REWEAEH T K WMIL EHLA (R EH,
2005). FkZEiFA O ek, WK EALAEZ BN
FEBRAE R R RRAL, 2R 1M BORK 2 TCAL AR B d5c
IF H B T oM E R 7002 Wi N WL AE FR 4,
) R ZORUR , SRIFVE AR T 5 EE K SS AR AR 1Y
THLR B TR B A 33.6%, TEEAN A K
W, SNt S TS TCHL R RN TR SR AR AN AN T
1) 87.2% (T4, 2010), 2L ToAIL AU A 15 Hvk
FERR 2 i TR IR B

32 FHFEVMBEESMNEETARREEERER

I H KL, VR A — b LR BRSO Sk B
2, TR SRR R 5, Wy Rh SRR, VR IR E
P, Dy SRR R, SN PRI AL Y e v P Rl

WA BAMEEE 5), M 20 4D 80 AEfCES, FW
VA IR DX TR A ) R . 2R PR 4R BRI i)
BT, 5 1983~1984 4EAH L, PRI DI WA BT
[T 25 71.8%,

TV 22O TT R 1 R RIS K 3% 58 0 2 2
FOH X — B RN 22— H 20 42 80 4FR KL
4 FRFRART i KIRIE FLT 70%~80%(f# BH R 4%,
2013), EEFRFHYFIEGA . ARG AL DL A
PRSI 84500, 60000 F1 15000 t (Jiang et al,

Horb, B A FREE B L BOR A R 5 I U B
K &R ([F A R4S, 2013),
TEUEEYEDIZRIX, PRUFHL Y B TETR 240 32 e B bk
DU VE W A7 4 i 200 F 8 FR R SE R 1 1
FTHE AN s o — 7T, DB DL 5 AR5 1
IKBE T, SR e R SR I e v L R e R &
X 7 DA A0 ) B X R L, A SR R, PRV
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Tab.5 Long-term changes of the species composition of phytoplankton in Sanggou Bay
TR Y R4 Shannon Z 1T 4L
25 i) [a) Phytoplankton species composition Shannon’s diversity index BN
Investigation time % R FH 35 HiA 6 ] SES(H Reference
Total Diatom  Dinoflagellate Others Range Mean
1983~1984 181 145 34 2 - 1.71 E AL (1988)
1989~1990 118 103 14 1 - 2.10 AU (2007)
1999~2000 148 117 25 6 - 1.98 RULA5E(2007)
2003~2004 75 65 9 1 - 1.58 R ZELE(2007)
2006~2007 92 74 11 7 1.91~2.74 - ZEH%(2010)
2015.5 70 60 7 3 0.49~2.31 1.21 RS (2017)
2017~2018 51 43 4 5 0.30~1.92 1.01 AWF5E This study

3= B B 1 S v (L B D8 A 1 DL AR BRI AR
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Temporal and Spatial Variation in Phytoplankton Community Structure
and Their Relationship with Environmental Factorsin Sanggou Bay

HOU Xing'?, GAO Yaping®, DU Meirong’, JIANG Weiwei’, LI Fengxue’, DONG Shipeng'?,
LI Wenhao'?, MENG Shan'?, WANG Junwei*, ZHANG Yitao®, JIANG Zengjie>*"”

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries,
Ministry of Agriculture and Rural Affairs, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,

4. Rongcheng Chudao Aquaculture Corporation, Rongcheng  264312)

Abstract In order to better understand the temporal and spatial variation in characteristics of
phytoplankton community structure and their relationship with environmental factors in Sanggou Bay,
four seasonal cruises were carried out at 21 sites in April (spring), July (summer) and November (autumn)
2017 and in January 2018 (winter). Analysis identified 51 species from 31 phytoplankton genera in the
surveyed area. Among these, 43 species were from 24 genera of diatoms, 4 species from 3 genera of
dinoflagellates, 2 species from 2 genera of Chlorophyta, and 1 species of Cyanophyta. Seasonal analysis
showed that there were 22 species in spring, 20 species in summer, 23 species in autumn, and 20 species
in winter. The dominance index showed that diatoms comprised the dominant species, and that Paralia
sulcata was the dominant species throughout the year, with percentages ranging between 18.6% and
84.9%. The abundance of phytoplankton cells ranged from 0.16x10° cells/L to 12.2x10° cells/L (winter >
spring > autumn > summer). The species diversity index (Shannon-Wiener index) varied from 0.69 to
1.35 (autumn > summer > winter > spring). The species evenness index J (Pielou) ranged from 0.42 to
0.70. Phosphate is the main limiting nutrient for phytoplankton growth in Sanggou Bay. The results reveal
the spatial and temporal variation characteristics of phytoplankton community in a typical large-scale
mariculture bay and provide the basic data for in depth understanding of the structure and function of the
mariculture ecosystem.

Key words Phytoplankton; Community structure; Inorganic nutrients; Filter-feeding bivalves;
Sanggou Bay
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