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Distribution and long-term changes of net-phytoplankton in the tidal freshwater

estuary of Changjiang during wet season
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Abstract: The Changjiang ( Yangize River) ranks the 3rd longest and 5th biggest rivers by discharge volume in the world.
Thus, the Changjiang Estuary, as one of the largest typical riverine-marine systems, presents freshwater-seawater mutual
interactions with the complicated distributions of salinity and other physical-chemical properties (e.g., river discharge,
tide, turbidity, nutrients, and sedimentation). Phytoplankton community in the estuary has been investigated extensively,
due to its importance in the estuarine ecosystem. However, most studies focused on the areas outside of the estuary mouth or
around the mouth so far, less refer to the inner estuary (tidal freshwater reaches). In the present study, we collected the
phytoplankton samples in the tidal freshwater estuary of Changjiang using a 76 pm plankton net in June and August 2009,

in order to explore the distribution pattern of phytoplankton community and its relationship with the extremely changed
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environmental factors. Besides, we examined the long-term changes in phytoplankton community in the Changjiang Estuary
combined with the historical data.

Based on the two cruises, a total of 239 species (included the varietas and forma) belong to 6 phyla and 99 genera
were identified, including 123 diatom, 42 chlorophyte, 42 cyanobacteria, 19 dinoflagellate, 9 euglenophyte, and 4
xanthophyte species. Cyanobacteria absolutely dominated in the tidal freshwater zone and followed by the diatoms, taken
together contributed above 95% in total abundance. The dominants mainly consisted of cyanobacterial taxa (e. g.,
Oscillatoria spp., Microcystis spp., Anabaena flos-aquae, Coelosphaerium kuetzingiarum, and Phorimidium spp.) ,.
although including two diatom species (i.e., Skeletonema spp. and Aulacoseira granulaia) , The freshwater species were
principally located in inner estuary with the salinity below 0.5, while the marine species were mostly found outside of the
river mouth with the salinity above 13. However, the brackish species dominated around the river mouth under the stress of
extreme salinity variation. The simultaneous-observed inflow velocity of runoff increased from 38 900 (in June) to 44 350
m’/s (in August) at Datong resulted in dissolved inorganic nitrogen (from 113.87 wmol/L to 135.45 pumol/L) and silicate
(from 93.84 pmol/L to 117.19 pumol/L) concentrations amplification, especially the dissolved inorganic phosphorus,
which increased from 1.77 pmol/L to 3.28 pwmol/L. Driven by the increasing temperature (from 23.18 °C to 28.15 C ) and
nutrient levels, the algal density in August (347.75%10" cells/m’) was much higher than that in June (204.19x10" cells/
m’) , although no significant difference between them was found. According to the non-metric multidimensional scaling and
analysis of similarity, phytoplankton community presented significant spatio-temporal differences in the tidal freshwater zone.
The Pearson correlation showed that; in June, both the cyanobacteria and phytoplankton abundance were significantly ( P<
0.05) and positively related to the temperature but negatively correlated with the salinity; in August, the cyanobacteria
abundance was significantly (P<0.05) and positively related to the temperature and nutrients but negatively correlated with
the salinity, while the diatom and phytoplankton did not significantly associated with the environmental factors. Comparing
with the data since 1980s, the net-phytoplankton abundance increased evidently and the dominant species changed from the
diatoms ( i. e., Skeletonema, Melosira, and Coscinodiscus ) to cyanobacteria ( e. g., Oscillatoria, Microcystis, and

Anabaena) during wet season.

Key Words: Changjiang; tidal freshwater estuary; phytoplankton; dominant species; long-term changes
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Table 1 Phytoplankton taxonomical species number and abundance in June and August

I'1% Phyla FHIEHL Species richness F2FF Abundance/ (x10*4/m® )
6 1 June 8 /1 August 6 1 June 8 1 August
FEWE Bacillariophyta 87 78 71.80150.00 121.23+219.15
18 Dinophyta 14 1 0.18+0.09 0.845.22
#9 Cyanophyta 33 28 124.18+130.94 219.83£226.52
43 Chlorophyta 37 16 7.87+5.58 5.16+4.33
B3 Euglenophyta 2 7 0.01£0.00 0.16+0.15
#3 Xanthophyta 4 2 0.14+0.22 0.530.75
24t Total 177 142 204.19+154.84 347.75+212.28
22 FEPE

1KMW, 8 AVFIHEY PR F R (347.75%10° 4 /m® ) LR & T 6 H (204.19x10°4/m’ )  {HM 5 JC 1 3% 2% 5 (P>0.05) ,6.8
J PR AR YRR VA LAE 8 7 X 38 (43 3 5 R BE A 60.8% R 63.2% ) TR 2 (4390 i B BE 1Y 35.29% Fl 34.9%) , 1 WL 7K
SRV 1 B AR Y A v b i B AN 2 BT 2 SRW TR A R I 0 RS (G1—G7) RS ¥ O T R I
(G8—G10) MUtk R £
2.3 EHF

VA IR FEAA PSR (g ) A LI # 3 (R 2, B 3) . BREEEETT A0k B 8% % Aulacoseira granulata N 4 e
Skeletonema spp. A , AL R4 F 58 A HG K IE R BE Anabaena flos-aquae FEHXEERBE Coelosphaerium kuetzingiarum U5 W
Microcystis spp. B Oscillatoria spp. FH i Phorimidium spp., 6 H 1 O BRI IB AP0 8 A Bk R s v e se R
PR Aphanocapsa FEREREE Radiococcus FEIRKFN T O IR B H & 23 R Coscinodiscus TN B3P Trichodesmium 2%
2 ROK R ECHE KRN ;8 i b YR B A (I B AT B e W RO MREEE Spirulina  FLEEBE Melosira (5 FURLEL
e B RIS R ) SR KRN BOK R TR R U3 m A BB RE R AR IR O N TR R A 2 BUK R KR
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Fig.2 Phytoplankton taxonomical abundance at different stations in June and August
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Table 2 Average abundance, dominance (V) and occurred frequency (f) of phytoplankton dominant species in June and August

6 H June 8 H August

H#Fh Dominant species ) (ﬂlili 41346\1;5:3) Y% /% /i’i 4D/I‘i“/sr:§) Y/ % 1%
UKL B4 Aulacoseira granulata — — — 24.71 5.69 80
B2k Skeletonema spp. 64.41 18.93 60 70.69 8.13 40
KL R Anabaena flos-aquae 8.91 3.49 80 — — —
FHEERIE Coelosphaerium kuetzingiarum — — — 12.72 8.90 60
& Microcystis spp. — — — 53.24 9.19 60
] € B i 5 LE AR b Oscillatoria chalybea var. insularis — — — 13.12 2.26 60
RIS ERHE Oscillatoria pseudogeminata 62.98 27.76 90 — — —
S AN BV PN AT Oscillatoria tenuis var. asiatica — — — 18.06 3.12 60
B Oscillatoria spp. 17.44 6.83 80 20.70 3.57 60

— — — 23.47 4,05 60

Ji 8 Phorimidium spp.
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Fig. 3 Dominance of phytoplankton genera at different stations in June and August ( genus Melosira consists of Aulacoseira granulata and its

varietas and forma)
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FEAR VLK BRI BUK R 3 (3 2 FIIE 3 ih 3 Rh @ 148 T X P26 ) JU 2 T T, SR EE IR T 0.5, /K 6 7
F1% 240 = A RD S E ALK

Stress: .07

£3 WOLHE(GI—G63) (HEB(GA—GCT) FITilF( G8—G10) HIZ AR 1 B % 4 AL B0 48 LI 53 4
Table 3 Analysis of similarity of phytoplankton community composition among upper ( G1—G3), middle ( G4—G7) and lower ( G8—
G10) estuary

] 1343 Estuarine sections R P

E3i% Upper vs. H# Middle 0.82 0.01
¥ Upper vs. Fii# Lower 0.97 0.03
HR Middle vs. T Lower 0.80 0.01

TR P AL A0 P 9 30 A R 1 B A DR RS I, L 32 ol ek A 3, L A AT /D i S BRI 3, AN Elbe |
Schelde ™! il Severn ] 1127 | 5] A B 11 T 52 3 120 1, 2 IR VT 10 380k 94 43+ A1 26 K e %0 G At ek 8 , B FHEE MR, A
TRACK, SRR KR FAHR TTAR T R, WA YR 6 .8 F 812 39 [ AT [ A6 WL 281 £ 38 £ 43591 A 38 900 il 44 350 m*/s,
VA A, WFE MR A AL VR F R, R RS e P S WIS TR A A, )/ 22 A et B 22 B o oh TR VT 0 4 K
TR MER EhA ( B Scirpus KEE Spartina FAIj=ES Phragmites g‘;?ﬁ%%*ﬁ%ﬁ%) i ?@%fﬁi&ﬁiiﬁm , WA IR P A
A T G BB AR TR U H IR SR ) AT 25 6.8 F T30 A 00 FF 9 v ek 8 1 b 288 BU A9 05 35 (3391 87 AN 78 F) 24 48
FRE—F(F 1),
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F4 6.8 AAA LR, BB THENRERREETF

Table 4 Surface environmental parameters in upper, middle and lower estuary in June and August

2% 6 H June 8 H August
Parameters -9 T TE &I iF rhi T £IX
Upper Middle Lower Total Upper Middle Lower Total
HRLE Temp/C 24.03 23.12 22.42 23.18+0.84 28.34 28.51 27.49 28.15+0.80
£8P Salinity 0.15 0.17 13.70 4.22+8.75 0.16 0.19 11.12 3.4627.09
B SS/ (mg/L) 65.7 59.1 249.1 118.1£97.9 280.4 128.2 119.5 162.20£94.9
A ICHLE DIN/ (umol/L) 123.17 126.08 88.20  113.87+29.29  136.13 144.87 122.22 135.45+28.30
TEPEBE AR LR DIP/ ((pumol/1.) 1.92 1.91 1.43 1.77+0.29 4.38 3.94 1.31 3.28+2.68
T PERERRER DSI/ (pmol/L) 109.22 102.20 67.31 93.84+22.41  127.51 128.18 92.20 117.19%23.39
AW N/P 64.3 66.0 58.9 63.40+9.6 45.4 48.5 295.13 121.60+221.3
REA I Si/N 0.89 0.81 0.82 0.84+0.09 0.94 0.89 0.78 0.87+0.08

Temp : temperature ; SS ; suspended solids ; DIN ; dissolved inorganic nitrogen ; DIP ; dissolved inorganic phosphorus ; DSi: dissolved silicate

®5 6.8 AR EERFHEVMFESHERFHEXRES()

Table 5 Correlation coefficient ( r) between the diatom, cyanobacteria, and phytoplankton abundance and environmental factors in June

and August

T[] ZH T hpE BIEY WROCHL TEMERERR  RrERERR ARk REA(LL

Time Parameters Temp. Salinity SS A DIN 3 DIP £ Dsi N/P Si/N

6 /1 June TFUFHIY Phytoplankton 0.81**  -0.85*" 0.33M 0.82%* 0.63* 0.86"* -0.59™ 0.16™
% Diatom -0.05™ 0.26™  -0.43 0.18%  -0.12%  -0.24 0.60™  -0.80"*
P Cyanobacteria 0.75* -0.84"* 0.15M 0.72* 0.74 " 0.83** -0.58" 0.26™

8 J August  VEIFAEY) Phytoplankton 0.25M -0.38™ 0.49M 0.27 0.438 0.37M -0.93* 0.57M
fif:# Diatom -0.66™ 0.59%  -0.01"  -0.64%  -0.21%  -0.60™ -0.44N5 -0.41%
W% Cyanobacteria 0.98"  -0.99"**  0.27% 0.96"* 0.60%  0.99%**  -0.35™ 0.90"

NS P>0.05; * P<0.05; =% P<0.01; %% P<0.001

TRUEHEY) F B SR R AN R IR IMOG R BB T S A X H A W S BRI M E (K S) . I,
Wi 12 S A R K PHAR S 35,8 H B R KRR MR T 6 H (£ 4), 287 8 HRrMY EE BB R T 6 A (%
1), ML ARIBIIN(6 .8 H IR TR 38 900 I 44 350 m*/s) , 5142 T 84 7k 2k BF 4 W) W AR (6 .8 F #hF 43
Bk 4.22 F1 3.46) IR GRS (ERBE<0.5) [N e, DI 5 | JSR 7K ST BT 1 =F BE AR A XA G7 3 1) SMES &8 GO 3
(E2),

HITAEREE BN 0.5, R AT H P8 ( G4—G7) A B Mk AV K B (40 = F 3 Ceratium tripos FF i 355 ), {HH
BRI SN B AR AR, AR 1 107 ( G1—G3) A I 38 /K T, 0T 101 3t AR o 38 2 i A 00 B A TR /K IS ( T i | £
B TR PE AN B ) (A DA AR T BRI, 0 TR KRR K A 3 YT | R BE AR AR B, 2 56 BE T3 | SR K FRg K 8 B AR K 1 32
IV SR 7 D AR L2 K 2 (AURL B R 2590 ) O 3 ZETR R, R GO R G10 3,68 HEREEX T 13, BEIE
W LAV K R (T R IR 2 AN i SR 2SRRI ) A ISR ) R SR BB 32, BRI, R VT3AT 10 L3 | AR5 AR i A 17 T
YIRHEA N E S B (K3, 4,%3), EoB T ARIEEREE M , b KT D IR A o Bk 5 A SERE, ol WL, PRI 4
BEE AT AL R S48 T (R B SRR MR BE ) AN/ (175 SRR 3088 ) IR A i R UIMI DG (36 5) , B R B R b B A 57 46
ORI 2E S (£ 4) o X5 T H A SEHEE A 2

KT IT0T 11 B P WA M TR A RS K TT T A IRk KA 22 8K, WA SE7) F 2004 4F £ /K 0K YT I 950 B P e A
YR R0 B PR e ( RN AR MEFTBE Fragilaria FVEMFT#E Synedra) 546 XHAEHY Wi e ( BB MBI ) k2, HEW
BRI B B AR R A LU T B 18.38% , R T HAEHE Y 41.91% , VT H K HAI I il 48 X TR 3 R 4 (1R R & W%
B T SRR IFAE D REE P RE e (B AW TIZEIEBE Pseudo-nitzschia ML Chaetoceros 55 ) Y 45X EH (>60%) , H
B EZNMABERBOEHE Noctiluca scintillans) FIIEHE( FE R EH) K Z, X5 DAEXH T R HAR I 6 38 0 BF 58 245 R AR A
— BRI B AR YR A TR PRV LATR K o X (>60% ) BRI Z (>30%) o AT UL, AT
1 X - T 205 MR PR R ) O A 2R TR A AR R 2544
3.2 KL OB A AR AR

BT IR RO B Z | A VT 1 B s 1817 50 0 W I ek, (R B D7 st SR AT T 4 (3R 5) , A R4 80 4R LSk %
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DX SR 7 AL A I A S b TR A ELRE Tt ik ol ( i 2000 | L o D D 7 9 ) o 9 ( RO R O IR
B ARV B8 ) TR RPN Rk B SR R 2 s D A B R W TR O A E R LR E AT R, B
WS F 1999 4 8 7 A Pl R B, FE AR < 1 VI UK A PR e B3 T AR # . SRS AT R LA KT R
AR SR AN B SR AR R S R A 6 B AR AR I AR TRl e 7 F B 9 i 76 IRV B R K
[ I R TR W ) SR T AT B e R B T R AMIEAT SCHRARE , 17 11 DX K B K R A R WA ) T
F VT B R A A FOERBE S F T AR R R AT LR IR R A i A DY e =k P X DR B VL R A TR A
W S AR R AT 2R TR R R TR Th 0 3 2 0 2 0, A O R AR 1 S WA ALK AR L LG 0] B 2 T 3K 63.8% , BRSO
U SR TR BRI 1 IT B I A B T K Lt A

KT 1 B B A A RE T (0 RS B A 5 KT A AM 5L, B Zhou 451 Al Jiang 5 BFST R W1, 3L 50 4R VL A1
TP AR A RESE L0 TR e L B BTt HOOMUBE A A it 42 B 0 AR B B e (A 25 ) 5 Y OB (O AR Vg Dt P
Prorocentrum donghaiense FIKKBIIREE Karenia mikimoto ) HAF W AR a3, B REMUKE LFAMEH (N/P 5 Si/N) s A6,
AU A rptis A B, e 2 5 B IR R B 5 1 35 (P<0.05) IEAH G (KR 5) o AT WL, A VLT F B PR AR W 1 140 Bl 22 T g
EEFALIBIRDG R 2003 4F 6 A =R IIE K S K WA I A 0 R Fe 2 R RR R 30 BA AG RVD B 2 R
W12 U R R A AR ST BRI 1 BOK A B 38 3R At — 2 ) e R e Y Rk s B B2 T e 1 3
IR PRI = B 1 Bk L) 8 SR Ee ) TR A, W 03 A T — PR i R R
ST SR AT 1 BOK IR A TR (W TE A T THBE R 2K IR [ 1986 4F2E 2000 8] L THR 124 2 °C %) (it e
TEREE R AT Sa 4 10 R AR T 1 BRI R A B T (0 s T RE S NI Bl (oK B K R S SRR ) A AR Ak
A, HHBF50E D h i Ak &5 IR AR A A5 A A 2 A BR W SOK AR R SR R 1 32 BRI N T

F6 FRPRKILAORMRZHFEMEEMAEMN/ BHENL

Table 6 Changes in net-phytoplankton abundance and dominant species/genera in tidal freshwater estuary of Changjiang during

wet season
N J# Densit . N
H5f ] Time , i IY;) 4/?“/3:11};) {3 F Dominant (J& Genera/% ) SCHk Reference
1984-08 95.8 BHEH(62.0—98.0), [T (0—15.8), B4H(0—2.6) [16]
AW (64.4), HAEEWE (25.1), BRI S Coscinodiscus jonesianus (5.
H 7R 5 AGRCS 5 J!
1990- 08—0! 34.54 e 17
% 0 3), HAMILEBE Pediastrum simplex (3.8) [17]
1996-09a 75.18 TR A T (62.06) , Ak (26.71) , [RITHME (3.87) , Hiid:(3.28) [18]
1996-09b 3798.38 B AAHE(98.49) , WUk ETHERE (0.85) , [RITHWEE(0.40) , B (0.01)
1998-08 2265.80 BARWE, WOk S, BRBFFTEE Coscinodiscus asteromphalus [19]
1999-08 11.17
2000-07 36.82
2002-08 260.96
2003-08 117.33
2009-06 204.19 WidE (43.5), 4B (31.5), MIEE(4.6), (HEEE(3.6) A This study
BAH(20.3), THAEHRE(18.2), BiME(15.5 SEREE(11.9) , EEEHE (10,
200908 347 75 ;)%’}r{;?(lﬁ(gj), THAEHE(18.2) , BIBE(15.5), EBRBE(11.9) , HHENE( A3 This study

a: 755 Low tide; b : 75 Flood slack
Bt B S S AR AR SR AR R K T
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