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Comparative analysis of phytoplankton community structure in bioremediation area and
non-remediation area of Hangzhou Bay. LIU Qiao, LIU Meng-meng, YANG Na, ZHANG Qi,
BAO Yan-lin, HE Pei-min, HUO Yuan-zi* ( College of Marine Ecology and Environment,
Shanghai Ocean University, Shanghai 201306, China).

Abstract; To compare the structure of phytoplankton community and understand its responses to
environmental changes in the bioremediation and non-remediation areas of Hangzhou Bay, ten
sites were monthly sampled from July to December 2017. During this period, the average concen-
tration of nutrients in the remediation area was lower than that in the non-remediation area. A
total of 103 species belonging to eight phyla were identified, and Bacillariophyta was the most
diverse group. A total of 54 and 79 species were identified in the bioremediation and non-remedi-
ation areas, respectively. The species shared by the two areas accounted for 29.1% of the total
species. In the bioremediation area, the average cell abundance was 1.3x10" cells + L™" and Tra-
chelomonas sp. was the most dominant species. In the non-remediation area, the average cell
abundance was 12.3x10* cells « L™" and Cyclotella meneghiniana was the most dominant species.
The results of redundancy analysis indicated that silicate concentration and pH was the most
important factors affecting the abundance of phytoplankton in the bioremediation and non-remedi-
ation areas, respectively.
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Fig.2 Water temperature, salinity, pH and dissolved oxygen in the bioremediation and non-remediation area
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Fig.3 Nutrient concentration in the bioremediation and non-remediation area
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Fig.7 Diversity index (H) and evenness index (J) of phytoplankton in different months



X IGEE B A S IX S AR B B IR A ) RV A5 A8 LU

417

&1 RDA SHTE IR EFRERLGI REX R

Table 1 Interpretation rate and correlation coefficient of
environmental factors in RDA
BEX FEBEEIX

W fERELLE MG Wi R AR

SR (%) E i SR (%) B3
Si0,-Si 30.5 0.960 pH 28.8 0.924
TP 27.1 0.957 COD 28.0 0.974
TN/TP 26.0 0.949 Si0,4-Si 26.3 0.898
COD 25.3 0.912 TP 21.3 0.966
pH 23.0 0.913 TN/TP 18.9 0.949

1.0

8 MMZEEXZFHENREMEEIREREF RDA 53
HrE

Fig.8 RDA ordination diagram showing relationships be-
tween dominant species and environmental factors in biore-
mediation area of Hangzhou Bay
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12.72 3 HEE % M. varians CI3 AT B R Synedra sp., 14. Mo AT 3% @
Fragilaria sp., 15. Ju [ BRJE BE £ TE A5 Fl Cocconeis placentula var. lin-
eata , 16. 4K 3% Chlamydomonas sp. ,
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Fig.9 RDA ordination diagram showing relationships be-

tween dominant species and environmental factors in non-
remediation area of Hangzhou Bay

a. WG R EE Cryptomonas erosa , b. Jii [ BR T 3 | . #5k #ERRL B Trache-
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I B 23 S I WEAEL ) 106 S VR T oK 3l AR e AT
PP 7K AAE TR ER TR X T o PR 3R 8 B ek 7 D
YR 54 I W) ( Cloern , 1987 ; Alvarez-Borrego ,
2012) o, AW XIS R SAT 5 300, HE 180 1 AR R
P L LB KR, 5 00 T Ah R 7K AR 58 48 55 FLZ
BER R X RIRE R A RIS e AR W A v 45 4 5 oA
WFFEBTIH VS I it 1 ) 110 SCHR 45 SR A7 7 25 S 1) o 2
M=,

AT I A I, TSI 58 K Sl A L T
FRUI b B AR B 521X ¢ i 11 e 284K
IR TBEE X XA el TARBE XS R &
THES X KA e £ R0 o 8 ) P 26 23 Bl o 8 5K
AR m TSI ( EIRLLAF,2005) o KA E FRER
VR I8 2% 52 W 7 i A W) RETK 450 (Zhu et al.,
2010a) , AW, A8 5L X HME S XK AR i il
TEY RIS B2 S W 0, PR DX B A A PR AR )
P B AR R R 29.19% . sRACH RN 5, 280
PSP AN AR A — AN X3 P B ) 2 SIT 0 J
B OBUREBE BUEEEE /NEREEAEOUT IR IE E X W
Bt Gk SRR | Bk U R AR TR AR
B, TR YRR AL T AEAN ] Xz A
RN BRZERIN LR Ay Z AR I ] A
[] | 33X 7R T AR AR 5 ) B 58 742 A1 118 TS e



418

ARG H38E H2

3.2 TFURAEY YN

ABFE T A DXIF E AR ) 240 ML % FE AR 45 H Ay
BUNFARMER X, DFoR R, EFRKF5R T RER W
TEIFRE I RETR S5 1) | OO R I8 45 7 e AF 400 1) 200 e 2%
(Elik et al.,2006) , 4 @K A8 =R IE T, &
TN U A ) 1 A R B3 ( Zha et al.,2010)
W IR R A KA B T i () R AR ) AR )
1 (Ornolfsdottir et al. ,2004) , 1B X8 FFEL e 45
B IXAR, BT BE 7R 2% 1) 17 Ui A P B I . )
—J7 T, 5T A TR 52 X PN DT K AT ) R A A 2 e T
BIAEYE R 2.19 kg - m™, AXUUKAEY 73U 19 2 19
NN 17 18 S Ak B T %o} i 3 A 2 S A B P 91
YER, U H 2 X e 388 ( Microcystis ) 1T U AR A , HE
7 A U ARG EVE 155 DNA 540 F 4
MoFE 1 JE T ( Nakai et al.,2000,2005; Zhu et al.
2010;He et al.,2016) , ULKFEYIFEARIFIFAEY A8
W OAES 2 A 2 PG B 3 AR [ K 1Y) 98
A ITAB B HRIE ( Muylaert et al.,2010) . H,
1B X BRI IR K- B e 4% BE DT K AE ) 2 1 7
TR A % B AR BB R, B E XN
TR A 200 B % FE A, (H R M R 38— M2 LR 1B
S IX i, RWNE S X IR A7 45 F0 S IAS e
3.3 FRBEDR X I AR P 1 5 e

RDA F3#Hr SR, BERRER 2 5% M A M 5 48 52 X7
TR A i F RN R RERRER S & 1 E 5
TCER X AE R R G I AR S e 92
5%, Yang 25 (2002) M\ 1991—1994 4F3%t Jig M 5 7%
TEEPIRI R A 1 SRR F R R RN, B
A RERRER SHIRAE T T RAE  Sh A E IR Kot H SR
B RGP AR DGR I H e AR R e, A WESTIA
N EFRER AR IR IR T A K e kA
FrEb kR FER R, MKREIRERH R (Egge, 1992;
MR 745 ,2006) X SATFF AR, mEFRER B
AR , F T AR W AE TS W ik 32 e 7% 2 1
S, X — A= Py aR fh 27 o FE 4R Rk B B0, R, B
FRERRE T A BR TR A A K ) PR A T
(Dugdale et al., 1995 ;#54< J5 %5, 2006 ; Vance et al.,
2017) o ARWFFE, SERRER R E M 7—11 H R R
TRAE S H 5 s (B BR TR 5 A8 S B v 5 ek s 0 3
e i 2 B AH G, 2 B ek 98 5 i 1) 388 in mT e S i i
RERRER W B A, 10 11 AR B8 A ek Rk T BB AR
R AR K A B PR T

IR pH 2 FE AT N S AR 18 52 X PRI AE A2 1k

i EEN R, A B, JEEE X pH 7E 8.03 ~
9.40 , 84k 7l [ 3 /N B X PR A ) 7 AR T R Y
e, FWIF A6 pH RN U, fEME R IX, TiTK
HOCEVERNEFE 7K R &Y CO,, 7K HY #4
D OFEUELEIX pH BE & TIEBEIX (K 2), pH
)22 57 ] BE S P BTS2 X AR 5 X P A
Y2H 1 A0 L R 22 e i EE LR, pH R R I A
YA S R Y i 3 5 e 7 A 5 b A
JCHJE X HEBE B9 52 ( Passy et al.,2004) . 0, =
VLA B i K A4 pH S B Ak s 11 3 i 1 0 5
M 458 O, 322 DX UK L B A A B e (2 RS,
2014) , BRILH UG pH 5 V7 AE Y 5 2 /NI
WS S BB AURL BB e A R b 2 A OC
PE(EMESE,2017) o ARG5S  ARBEE X pH 5742 5
BB AL/ INIREE Mg S /NER i S5 R 2Bk B L
P IEARSC, 5 FRMIR A R, pH TERIEFREE
BT ARZ AR TP ASERE W R T RS
BTERMER IR B T A,

S 30k

SEIELT. 2006. LI VS IF WAL 4 A ) 2 RE VR 5T (AR 2R A
W) . FE . PEGERE

IR, PN B, PN B, S 2014, BRMIETRITAL I RETR 45
F AR B L R B AR A i i oy . AR A 24, 34(13) .
3650-3660.

FAER, BREESY, S, 45 2011, HUOH W R AR K
I A0 5 5 E IR IE. IR EEST, 29(3) .
36-47.

R, AR 2003, FEIGEE(CELE) . w0
4. JbET . Bleg AT

E )R, 2017, 2016 4FH ENGEEIRSTROLA . JLAT.

TAR 2. 2017, HUIN TS e R OF & X S8 i AR W i 5. R R
2 HER  (s1): 305-309.

2= B F, W, 5. 2014, =TV Hb ] VT X
KIS 2 7 W R W) RV S A R E . MW, 49(4) .
440-449.

XISFHE, SRR, W =, 4. 2015, HUHIE 8 B I ibk g
TP ) A TS ST, b IR R R 2
24(2) ; 265-271.

ZEN, BKAS, FedE, 4. 2008. HL AL KW PR AR )
HEIE A SR . IR IE RS, 27(1) ¢ 57-60.

£ 8, I A%, BT, 4 2017, BRYLC R VO T IR A
YRR EE R 2 A AL R S M IR F I 6 R RS
2, 37(22) : 7729-7740.

FARLT, KRR, BHRE ) 2 2005, RUEI AR A W) %t
WX AR Ny . R E R R 25(1) ¢ 42-46.

BRTT, EiREs, IMEHL, 4. 2006. M I K IR AN IR LGk
PRSI A 7 I i 23 A8 Ak, R 2=k R, 24(2) .
203-212.



X T,

BN B R X SARE S X PRI A YT 45 LA

419

WA, TFIL, 5k #7, 48 2008. IR GEAE 2Bk T
BRI 7 i 4 400 B 2 . TR IR RL SR, 27 (5) - 547
553.

S, BRI, WM. 2001, BUOMIE B E IR0 SO A

W Z REPE BRI K™=, 25(6) « 512-517.
e, RIS, mOCAR, . 2010. 2005—2008 4B -
M&’H’%E{%wﬁﬁ%éﬁﬁ%ﬁﬁﬁkt% PR EHTST
28(2) . 28-35.

Alvarez-Borrego S. 2012. New phytoplankton production as a tool

H

to estimate the vertical component of water exchange
between the Gulf of California and the Pacific. Ciencias Ma-
rinas, 38: 89-99.

Cloern JE. 1987. Turbidity as a control on phytoplankton bio-
mass and productivity in estuaries.
Research, 7. 1367-1381.

Dugdale RC, Wilkerson FP, Minas HJ. 1995. The role of a sili-
cate pump in driving new production. Deep-Sea Research
42. 697-719.

Egge JK. 1992. Silicate as regulating nutrient in phytoplankton
competition. Marine Ecology Progress Series, 83: 281-289.

Elik K, Baongun T. 2006. Seasonal dynamics of phytoplankton
assemblages across nutrient gradients in shallow hypertroph-
ic lake Manyas, Turkey. Lake & Reservoir Management,
22 250-260.

He Y, Zhou QH, Liu BY, et al. 2016. Programmed cell death
in the cyanobacterium Microcystis aeruginosa induced by
allelopathic effect of submerged macrophyte Myriophyllum
spicatum in  co-culture system.
Phycology, 28 2805-2814.

Hecky RE, Kilham P. 1988. Nutrient limitation of phytoplankton

in freshwater and marine environments: A review of recent

Journal of Applied

evidence on the effects of enrichment. Limnology & Ocea-
nography, 33: 796-822.

Liu Q, Sun B, Huo Y, et al. 2018. Nutrient bioextraction and
microalgae growth inhibition using submerged macrophyte
Myriophyllum spicatum in a low salinity area of East China
Sea. Marine Pollution Bulletin, 127 67-72.

Muylaert K, Pérezmartinez C, Sanchezcastillo P, et al. 2010.
Influence of nutrients, submerged macrophytes and zoo-
plankton grazing on phytoplankton biomass and diversity
along a latitudinal gradient in Europe. Hydrobiologia, 653
79-90.

Nakai S, Inoue Y, Hosomi M, ez al. 2000. Myriophyllum spica-
tum-released allelopathic polyphenols inhibiting growth of

Continental  Shelf

blue-green algae Microcystis aeruginosa. Water Research,
34. 3026-3032.

Nakai S, Yamada S, Hosomi M. 2005. Anti-cyanobacterial fatty
acids released from Myriophyllum spicatum. Hydrobiologia
543. 71-78.

Ornélfsdéttir EB, Lumsden SE, Pinckney JL. 2004. Phyto-
plankton community growth-rate response to nutrient pulses
in a shallow turbid estuary, Galveston Bay. Texas, 26 325
-339.

Passy SI, Bode RW, Carlson DM, et al. 2004. Comparative
environmental assessment in the studies of benthic diatom,

macroinvertebrate, and fish communities. International

Review of Hydrobiology, 89.: 121-138.

Pielou EC. 1969. An introduction to mathematical ecology.
Bioscience, 24, 7-12.

Roelke DL, Kokkoris GD, Spatharis S, et al. 2011. Analyzing
the (‘mis) behavior of Shannon index in eutrophication stud-
ies using field and simulated phytoplankton assemblages.
Ecological Indicators, 11, 697-703.

Shannon CE, Weaver W. 1949. The Mathematical Theory of
Communication. Champaign, IL: University of Illinois
Press.

Smith VH. 2006. Responses of estuarine and coastal marine phy-
toplankton to nitrogen and phosphorus enrichment. Limnolo-
gy & Oceanography, 51. 377-384.

Vance D, Little SH, Souza GFD, et al. 2017. Silicon and zinc
biogeochemical cycles coupled through the Southern Ocean.
Nature Geoscience, 10, 202-206.

Yang D, Zhang J, Lu J, et al. 2002. Examination of silicate
limitation of primary production in Jiaozhou Bay, China.
Chinese Journal of Oceanology and Limnology, 20. 208 -
225.

Zhu J, Liu B, Wang J, et al. 2010. Study on the mechanism of
allelopathic influence on cyanobacteria and chlorophytes by
submerged macrophyte ( Myriophyllum spicatum) and its
secretion. Aquatic Toxicology, 98. 196-203.

Zhu W, Wan L, Zhao LF. 2010a. Effect of nutrient level on
phytoplankton community structure in different water

bodies. Journal of Environmental Sciences, 22 32-39.

fEF®mN x| 19,5 ,1990 4FA A A, BB T
[ Rk A B . E-mail . liugiaoafnj@ hotmail.com
HEHEE HWPE




