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Fig.1 The sampling stations in the Yangtze River Estuary
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% F I B 38 F 4k Canoco for Windows
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Tab.1 Codes of phytoplankton species for CCA

e B BT 4 e B BT A

No. Name Latin name No. Name Latin name
P1 WA 22 5 Lyngbya limnetica P8 INER Cyclotella sp.

P2 7N Oseillatoria tenuis P9 INRU B 4y Tribonema minus
P3 e R L i Spirulina maxima P10 R H e Melosira italica
P4 TR A Oseillatoria amphibia P11 [on] R 5 4% Oseillatoria agardhii
P5 TN Phormidium tenu P12 i A Skeletonema costatum
P6 HZ e Microcystis marginata P13 BBk Desmocapsa sp
P7 INBR Chlorella vulgaris

2 AR50

IR E T E R

18 ASRAERREE I P B AR i, L 3]
FRWEHEY 8 11,71 J& , 157 Bho Fovb mk e I 1 Rh2E
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Fig.2 Variation in the number of phytoplankton species at the stations in the Yangtze River estuary
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Tab.2 The dominant species, average abundance and dominance of phytoplankton in the Yangtze River Estuary

RAE S PeFFh LT 4 0 2 AR BT A PR BE
Sample site Dominant species Latin name Abundance/ (/1~/L)  Percent in cell abundance Dominance

A 22 3 Lyngbya limnetica 5.42 x10° 13.53% 0.13
[ 5a 7N Oseillatoria tenuis 3.49 x10° 8.70% 0.06
South branch THR A 5 Oseillatoria amphibia 3.64 x10° 9.08% 0.04
S1-38 IERC e Microcystis marginaia 1.46 x 10° 36.37% 0.04
e R i Spirulina maxima 2.70 x10° 6.73% 0.03
B A Skeletonema costatum 1.02 x 10° 56.57% 0.27
Nmitsi . INFFE Cyclotella sp. 2.31 x10° 12.79% 0.13
$9-515 [BR] G i Oseillatoria agardhii 2.35x10° 12.98% 0.07
A 22 3 Lyngbya limnetica 8.90 x 10* 4.92% 0.05
. WG 22 Lyngbya limnetica 2.36 x 10° 42.81% 0.41
Thejjlfijrﬁivcr R i Spirulina maxima 6.82 x 10* 12.38% 0.06
S16-818 [BRT G i Oseillatoria agardhii 5.87 x10* 10. 66% 0.06
7N Oseillatoria tenuis 1.70 x 10* 3.09% 0.02
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Fig.3 The variations of cells density of phytoplankton species at the stations in the Yangtze River Estuary
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Fig. 4 The diversity index variation of phytoplankton species at the stations in the Yangtze River Estuary
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*x3 KIOFFEYEESNERETF Pearson HXMEDH

Tab.3 The Pearson correlation analysis between phytoplankton abundance and environmental factors

b A R o SRS REBEAN R
e i y . ' . ¥ FERRRL ZREVERRER S5 R
BEEOWE WSE  E M ke e o SHIERSSIEERCTE ) el
.. S . - Total cell  diversity Homogeneity
Do Tm conductivity  salinity pH Chl. a  Species . . abundance  abundance of
abundance index index o
of Cyanophyta Bacillariophyta
[EEER Y 1
DO
TR .
Tm —-0.558 1
EETC‘F}: -0.121  -0.235 1
Conductivity
b= NS
B 0.604** -0.793* *  -0.357 1
Sahmly
pH pH 0.613** -0.550* 0.06 0.435 1
[R5
ljg i -0.126 0.313 -0.255 -0.116  0.097
Chl. a
%ﬁlﬁ -0.405 0.556* -0.223  -0.49%* -0.062 0.525* 1
Species
R R
- SRR -0.391  0.588* -0.276  -0.485* -0.043 0.577* 0.988* * 1
Total cell abundance
AL
gﬁfh&*ﬂﬁ -0.19 0.608** -0.609** -0.243 0.001 0.650* * 0.686* * 0.767** 1
DlVErSlty lﬂd(‘,x
I RERREL
Homogeneity -0.049 0.490* -0.689** -0.042 -0.015 0.570* 0.385 0.490*  0.932** 1
index
AN
Cell abundance ~ -0.475* 0.474* -0.072  -0.477* -0.448 0.249 0.684* * 0.593* * 0.23 -0.012 1
of Cyanophyta
TEBEANNE R L
Cell abundance 0.244  -0.700** 0.795**  0.221 0.387  -0.422 -0.497* -0.560* -0.817** -0.812"* -0.309 1

of Bacillariophyta

T = dEAIOCTE R (P <0.05) 5+ FEMIKIERNE S (P <0.01)

Notes: * means that the correlation is significant (P < 0.05); s s means that the correlation is extremely significant (P <0.01)

2.5 FHEYMESHEERFXR

FH CCA XJ 13 Rl iete ) (3 1) F1 7 PR
PR~ 19 5 ZR AT 0 A, T R Sl 4 AR (B
0.768 F1 0. 481, 7 Vi AE 4 Fl ¥R 5% X AH O R 4K
43124 0.970 F1 0. 758, B HE Y 1 GE 45 1R 41 b
S ey 55 PR Y O AR o T A HE e Al T R i
RO IEAE ) R 28 5 BRI 22 ) OC A% 10 ik e
76.4% . XRS5 B A T HE R, 2R EE (r =
0.6137) HSEFR (r=0.5831) FERE (r=
0.624 8) 5l 1 2 B & 1Y 1 AH G Mk, iR BE
(r=-0.8973) M4tE a(r=-0.669 2) 51—
PO fm 1) AR OGP . PR O X R A Al i
IR0 218 V38 J3E 118 0 A 52 Wi 5 . 3% A PR 58 1A
T AR AL R R ORI R a,

TR Rl o AR P 2R B A E TR
OIS AL AR T )T PR A 1 3 1
HeB—30 G S B, mE ORI 32200 A
WA B 22 B ( Lyngbya limnetica ) | /)N B B
( Oseillatoria tenuis ) , Hx K W2 Jig ¥ ( Spirulina

http: //www. shhydxxb. com

maxima ) . W5 14 B 3 ( Oseillatoria amphibia ) . /)NJi
B (Phormidium tenw) 5 vp 73 A , #3225 14 1F
FHSCFE M, S R B A OG5 b SOK Y
FZ AL F AN B (Cyclotella sp. ) | Bl [T B 5
( Oseillatoria agardhii) | % il B 5% % ( Skeletonema
costarum ) 3 HL 38 R B IE AR OCRE I . B
P9 ( Microcystis marginata ) 3 214 W) IEAH 52

M o

3 Phe

3.1 KIIOFREKEZ Y BT FE

T ERBERFAE B AN [] , VT T A9 AN [R] K gl
PR A 20 22 S 5 W A < T g SR
HFERRF R, NBRIRZ , W R B
SiR , (AR RE AR, % DX S 0 B Ao 32 B O IR K
UNEEBET T WA R 22, h T R KR,
HIE A TEMEA AR ORI I SOK B £ 3
W20 T S, 2 W B2 R R, T T A R Y
R ER KRR BT, FEX R R K 5K 28 5 X,



5 BRI, 45 VL P2 B AR R v 45 A A R AIE 695

0.8 P3
A

PIo
I1434 i -
A i_,/«J""""”'DO

a ‘sanlinity|

conductive »
P12

“P13

-0.8

-1.0 1.0

5 FiFEYYIAIRERTFR CCA HiFE
Fig.5 CCA biplot of phytoplankton
species and environmental variables

in the Yangtze River Estuary

P B 5 T A8 B T O ) 4 0 A o T
ST B AR TR R S A
b LR R B 22 A W AT P AR AT s AE R L SC
3 SRR SR T K, i R S R SR U
AL, A F bt W ] AT 8 22 0

T 7R AR Y R A8 0 98 7K 558 7K I 9 3
FIVEFR KRR AT I o F b S A it A
T L S22 S it BRI U AR O R 9 s ) A PR 22 5
X AT BRI Y Margalef 5= 5 BEFE XA
Shannon-Wiener 2 FEVE 45 B0 4T, 254 s W) b 22
REE A5 B A I AR, B SOK B
PRORI = 158 25 T IE SOK IR B A
3.2 FHEEVEEFEMIMEETFHXER

o, T U R R v AL AR AR 2 iR
JE 2R a FZNIHEH T L85 F I
R AR S RS R B T TR A
P15 58 R Z 1R R G, 25 2R Sl s 4 Jf 2 152
P SR SRR a WFIEME, 7 CCA 7y
b iR R O 2 R W I I AR ) 10 2 R B I
¥, R EE PR iR R A 2 5 O ) A
AR A Ay T 2 ) A A DAY TR ) 3% 28 R0 240 M
G U A5 PN )R B )R I R ) T K AR
PRI it R 72 Al MR BE L il M it JBE 7 A AR R 8
/I, S BUKE AWy ok Z A0 L 3t JEE AL
SHF U L D 00 MO R B A — E A SR
PECR AN M RE S IR S TEAR G, T
240 0 2 T 5 3R B R TR G, X5 Z AT R T
TR e B 0 N 5 L E B (AT SR A R 5 25 2R —

B KB IR EE T AT LS i K PRI a
A, R 2R3 a L2 S BZK AR S R 48
BUR I BHE bR . A RIS R AR R T H Kk,
B AR a i S PRI Y R RO R I B
FRILA R X PR S A0 F &
Z RIS BN S BEAR R S 2R a 35 IEAH
Ko ERPBERON T B il TRV I A2 i i A2 A
Gt v K S [R) 52 i B b B 22 S UK,
TR T 155 AL 53 A R IS 20 B A T B 5o
TE VR4 7K, PSR I T S0 = 9] TE K Sk ) £
AR 9 R T A TR OK B, TR RE e B L S
DRI B AR B 1T AY i) $hiE . CCA )
B2 SRR HE XS AN [ A 38 3 1 AR AR i AN ]
DL, BRI v 5 B AT AR R R AR BR 8 EL B,
FHIE , A ) B 7 Ui A P 0 T ) — 2R 858 B A ]
AN EREE N 1 1) HE S 445t 25 B2 W 9 i AR 40 1
K

SE 3k

(1] ERBA, BREE. WA ARE B
i, 1986(2) : 26-55, 85-86.

QIAN S B, CHEN G W. Phytoplankton ecology[ J]. Journal
of Ocean University of Shandong, 1986(2) : 26-55, 85-86.

[2]  AkigEfr, RER, THEM, 5. 2004 4 KILA FIAY

RS RAE AT [ T]. A5, 2008, 39(4) : 401-
410.
LINF Z, WU Y L, YU H C, et al. Phytoplankton
community structure in the Changjiang estuary and its
adjacent waters in 2004 [ J]. Oceanologia et Limnologia
Sinica, 2008, 39(4) : 401410.

[3] MALLIN M A, CAHOON L B, MCIVER M R, et al.
Alternation of factors limiting phytoplankton production in the
Cape Fear River Estuary[ J]. Estuaries, 1999, 22(4) ; 825-
836.

[4] FLEMING-LEHTINEN V, LAAMANEN M, KUOSA H, et
al. Long-term development of inorganic nutrients and
chlorophyll o in the open northern Baltic Sea[ J]. Ambio: A
Journal of the Human Environment, 2008, 37(2) : 86-92.

[5] FRONEMAN P W. Feeding studies on selected zooplankton
in a temperate estuary, South Africa[ J]. Estuarine, Coastal
and Shelf Science, 2000, 51(5) : 543-552.

(6] Julghwh, 280G, WS, . I R R A0 a] i e
Yo it a1, NREET, 2013, 35(1) : 63-65.
ZHOU X S, LI H F, PAN M M, et al. Study on
phytoplankton community during the cyanobacteria bloom in
Haihe river[ J]. Yellow River, 2013, 35(1) ; 63-65.

(7] IMBRPR, #AWI, AR, B SR A BE X 7 A 4 A
TR 1], BT K™, 2008, 4(1) 2 19,

http: //www. shhydxxb. com



696 Eo W W R E % PLE
SUN X Q, DONG S G, TANG Z H. Influences of nutrients ZHAO R, SUN J, SONG S Q. Phytoplankton in the Yangtze
and illuminance on phytoplankton community structure[ J ]. River estuary and its adjacent waters in spring 2006 [ J].
South China Fisheries Science, 2008, 4(1): 19 Marine Science Bulletin, 2013, 32(4) ; 421-428.
(8] XIF=, ZFuL, JHE, 5. UL H KICARUT i g (171 735, IV, 2895 H2, . ZFRILH BIARLT K 77
W [)]. R, 2011, 32(9) : 2497-2504. eI ()], PR, 2009, 28(4) : 360-365.
LIU L S, LI Z C, ZHOU ], et al. Temporal and spatial HE Q, SUN J, LUAN Q S, et al. Phytoplankton in
distribution of red tide in Yangtze River estuary and adjacent Changjiang estuary and adjacent waters in winter[ J]. Marine
waters[ J ]. Environmental Science, 2011, 32 (9) . 2497- Environmental Science, 2009, 28(4) : 360-365.
2504. (18] FE=zxde, =YL, W, KILH KAWL AT 7 AEY)
(9] sRHA. HRIL I B AR T 3 i A ALY A= 9 vl R MIASHRHAELT]. T EDK =R, 2005, 12(3) : 300-306.
ﬁ&;ﬁ\:ﬁ;j‘f@'ﬁﬁ%ﬁ P ERTRID]. H5. hE WANG Y L, YUAN Q, SHEN X Q. Ecological character of
R, 2015. phytoplankton in spring in the Yangize River estuary and
ZHANG G C. Bioavailability of dissolved organic nitrogen adjacent waters [ J ]. Journal of Fishery Sciences of China,
and its role during the outbreak of harmful algal blooms in 2005, 12(3) : 300-306.
Changjiang River Estuary and its adjacent sea[ D]. Qingdao: [19] X%, s, BN, KyT oAb 2 i REs o5 1 1
Ocean University of China, 2015. FAMEAFIELT]. AEWeFgeak, 2014, 31(3) : 2024, 28.
[10]  JUdR%, T, LU, & KT H R iRl X =3 LIU X, XUE J Z, WU H X. Annual variation of
EA ezl . S'E S0 MR T]. R phytoplankton community in the north branch of the Yangtze
2014, 38(10) : 30-39. River estuary[ J]. Journal of Biology, 2014, 31(3) . 20-24,
KANG Z J, YU R C, KONG F Z, et al. Pigment 28.
composition, content and distribution in surface sediment of [20] @ AHZE, &R, BT, & FERILOICLARIT K
the red-tide zone south to the Changjiang River estuary in VRGeS B i A ()], WwreE R, 2018, 37
spring[ J]. Marine Sciences, 2014, 38(10) : 30-39. (4) . 430439.
[11] W RHE, EEoE, 4 . KIT b SOKE K I 20 GAO Y X, JIANG Z B, ZENG J N, et al. Phytoplankton
[J]. ARKIL, 2003, 34(12) ; 34-36. community in relation to environment factors off the north
CAO M X, GAO Z R, HU J Y. Analysis on flow and branch of the Yangtze River Estuary [ J]. Marine Science
sediment characteristics of north branch of the Yangtze estuary Bulletin, 2018, 37(4) : 430-439.
[J]. Yangtze River, 2003, 34(12) : 34-36. [21] ZRJe, HWE, RNat=, % KO RS RHE
[12] Bewede, RJeAL. I H RS2 LS el B 1 Aok G RILEIREE MmN R [T]. FBERA 05T, 2013, 26
T IRESRARMIEE ()], A 352%40, 2016, 36(18) : 5621- (4) : 403-409.
5631. LI J L, ZHENG B H, LIU L S, et al. Phytoplankton
YIN X L, XU Z L. Similarity analysis of zooplankton community structure in the Yangtze River estuary and its
assemblages among different zones in the Yangtze River relation to environmental factors [ J |. Research of
estuary[ J]. Acta Ecologica Sinica, 2016, 36 (18): 5621- Environmental Sciences, 2013, 26(4) : 403-409.
5631. [22] HRFEwHEAWERF. GB 17378—1998 g Wi il # iz
[13] GAO X L, SONG J M. Phytoplankton distributions and their [S]. dbat: s EFRAEE AL, 2004.
relationship with the environment in the Changjiang Estuary, The Quality and Technology Supervision Bureau. GB
China[ J]. Marine Pollution Bulletin, 2005, 50 (3) : 327- 17378—1998 The specification for marine monitoring [ S J.
335. Beijing: Standards Press of China, 2004.
[14] JIANGZB, LIUJJ, CHEN J F, et al. Responses of summer (23] FRIKEE, EmWHE. GG A, 55 0, T ek
phytoplankton community to drastic environmental changes in 1T, P, ZrmH tho®my wfasl Sl
the Changjiang ( Yangtze River) estuary during the past 50 [M]. Jbxt: Bl2s st 2012.
years[ J]. Water Research, 2014, 54 1-11. CHENG Z D, GAO Y H. Chinese seaweed[ M]. Beijing:
[15] e, 80T, %58, & RILH BILARIE R4 IX Science Press, 2012.
P RAIF W) M R R [T ], WP, 2014, 36 [24] #hs4y, BREDL. PEOUKEESR . RE R LESIM]
(6): 112-123. Jeat: Bl it , 2006.
JIANG Z B, ZENG J N, LI H L, et al. Distribution of net- HU H J, WEI Y X. The freshwater algae of China;
phytoplankton community in summer and its influence factors systematics, taxonomy and ecology [ M ]. Beijing: Science
in the Changjiang Estuary and adjacent continental shelf[ J]. Press, 2006.
Acta Oceanologica Sinica, 2014, 36(6) : 112-123. [25] w8 % dpEEFEEEIM]. L Bl2E B Rit,
[16] B, PhEE, KA. 2006 4757 KL B HAR T KR 1962.

VRIEHIYI D). MR, 2013, 32(4) ; 421428,

http: //www. shhydxxb. com

ZENG C K. Chinese economic seaweed [ M ]. Beijing:



534

BRI, 45 VL P2 B AR R v 45 A A R AIE 697

[26]

[27]

[29]

Science Press, 1962.

W, FLEH, T, S TR R XA RIS
B[ 1], R EERERE, 2009, 29(6) : 578-582.
TAN X, KONG F X, YU Y, et al. Effects of enhanced
recruitment and  phytoplankton

temperature on  algae

community succession [ J ]. China Environmental Science,
2009, 29(6) : 578-582.

BRI, AWK, XF=, % KILH R RHE
RSB N6 R (1], FRBERLE BRI, 2013, 26
(4) : 403-409.

LI J L, ZHENG B H, LIU L S, et al. Phytoplankton
community structure in the Yangize River estuary and its
factors [ J ].
Environmental Sciences, 2013, 26(4) ; 403-409.

WRar b, %3k, 28/NE . RIULH JUB YR b 72 /K S 7 i
TPIREESSHIASAEL ] PV RS2 4R, 2013, 22
(1) 74-80.

CHEN L J, JIANG Y, GONG X L. Characteristics of

relation to environmental Research  of

community structures of phytoplankton in the Jiuduansha
inshore waters of the Yangtze River estuary[J]. Journal of
Shanghai Ocean University, 2013, 22(1) ; 74-80.

W AT RO i PR P 09 b S AR 253
RE[D]. 555 hEEFERSE, 2014

XIN M. Long-term variations of the key environmental factors

and their ecological effects in the Changjiang Estuary[ D ].

[30]

[31]

[32]

[33]

Qingdao: Ocean University of China, 2014.

BRIV R AT T S 07 A A 1K Y 2 PR 000
W ERT O [ D]. 758 . PR, 2000.
HAN X R. Analytical study on multi-environment factors that
influence the phytoplankton growth in the Changjiang Estuary
and its adjacent area [ D]. Qingdao; Ocean University of
China, 2009.

KUZRHE. SV I A ) 5 U AR ) v ik S 7 4 A S
MWFEID]. i PREIEGERY, 2004.

LIU D Y. Community structure succession study of
phytoplankton and sediment diatom in Jiaozhou Bay [ D ].
Qingdao: Ocean University of China, 2004.

2N AT O &I VAl I W A ) A 7 AR S LR UL
FEID]. 55 F R B R 2 () 2 B i i 0
fir) , 2018.

LI Z. Phytoplankton community and its related carbon sinking
in the Changjiang ( Yangtze River) estuary and adjacent
waters [ D ]. Qingdao: University of Chinese Academy of
Sciences (The Institute of Oceanology, Chinese Academy of
Sciences) , 2018.

TRRAE, B, BRI, A KICOREEAR I REE
SEMIRFIELT]. AEPadRak, 2014, 31(3) ¢ 15-19.
ZHANG S Y, WANG Q, XUE J Z, et al. Ecological features

of phytoplankton community in the surf zones of the Yangtze

River estuary[ J]. Journal of Biology, 2014, 31(3); 15-19.

http: //www. shhydxxb. com



698 A PN 28 &

Ecological features of phytoplankton community in the Yangtze River
Estuary

SHANGGUAN Xinxin"*, XUE Junzeng'”>, WU Huixian'”
(1. College of Marine Ecology and Environment, Shanghai Ocean University , Shanghai 201306, China; 2. Centre for
Research on the Ecological Security of Ports and Shipping, Shanghai 201306, China)

Abstract; We surveyed the spatial distribution characteristics of the phytoplankton community in the Yangtze
River Estuary. A total of 157 species from 71 genera were identified and the average density were 3.31 x 10’
cells /L. Bacillariophyta was the dominant group, which was 61 species of 25 genera and its species number
accounted for 39% of all species. Lyngbya Ulimnetica, Oseillatoria agardhii, Oseillatoria amphibia,
Oseillatoria tenuis, Chlorella vulgaris and Skeletonema costatum were the dominant species. Phytoplankton
density ranged from 3.27 x 10* to 1. 50 x 10° cells/L and there is no difference between the north branch,
south branch and the main river. The homogeneity index between the north branch and the south branch varies
little. The cell abundance and diversity index of the south branch are significantly higher than those of the
north branch. The correlation analysis between phytoplankton and environmental factors showed that the
species of phytoplankton and cell abundance were significantly positively correlated to temperature and
chlorophyll a and were significantly negatively correlated to salinity. The diversity index and homogeneity
index were significantly positively correlated to temperature and chlorophyll a and were significantly negatively
correlated to conductivity. The cell abundance of Cyanophyta was significantly positively correlated to
temperature and was significantly negatively correlated to dissolved oxygen and salinity. The cell abundance of
bacillariophyta was significantly positively correlated to conductivity and was significantly negatively correlated
to temperature. The environmental factors that have a significant impact on the distribution of phytoplankton
species and density in the surveyed waters are salinity, conductivity, dissolved oxygen, temperature and
chlorophyll a. Therefore, the environmental factors of the Yangize River Estuary affect the spatial and
temporal changes of phytoplankton community structure.

Key words: the Yangtze River Estuary; phytoplankton; ecological feature; environmental factor
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