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Spatial variation of phytoplankton community structure and its relationship with

environmental factors at the Mangshan pumping station
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Abstract: The Mangshan pumping station is one of the most important water sources in the Yellow River basin, and it has
been included in the list of national drinking water sources. When water from the Yellow River is pumped, desilted, and
transferred to the waterworks at the Mangshan pumping station, the aquatic biotope dramatically changes throughout these
steps. To better understand how these artificial actions influence the phytoplankton by changing the biotope, the changes in
phytoplankton from the river intake to the entry of the waterworks were investigated in June 2014. Overall, 7 sampling sites
were set up along the path of the water. The measured water quality parameters included, among others, water temperature ,
dissolved oxygen, and total phosphorus, and all were monitored simultaneously. Structural changes in phytoplankton
community and the relationship with the environmental factors were analyzed using two multivariate analysis techniques .
Polar Ordination Analysis ( POA) and Redundancy Analysis ( RDA). The phytoplankion community structure, their

density, and the biomass changed significantly from the river intakes to the waterworks. The phytoplankton biomass and
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biodiversity showed a decreasing trend along the path of the water. Furthermore, POA analyses indicated that the 7 sampling
sites could be divided into three biotopes, and that these three biotopes reflected the change along the way. Finally, RDA
analyses showed a significant influence of the environmental factors on the community structure, which differed from the

influence these factors have in the lake and other natural water bodies.

Key Words: Mangshan pumping station; phytoplankton; biotope; community structure; dissolved oxygen; phosphorus;

Polar Ordination Analysis; Redundancy Analysis
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Fig.1 The diagrammatic sketch of sampling sites
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A 7KEE 1000 ml, HH 500 ml FR A5 HY 2152 56 28 R AR R FAR T3 1550 BT L & (GB 11894—1989) 5 B (GB
11893—1989) & it , FIARHR /3 A4 IE (Whatman GF/C) Ji5 , I8 B8 #E IR (0—4°C) PRAZ 5 A 1] 52 56 % kil
Chl.a( SL 88—2012) .

F1 BURERRHERLIZDH

Table 1 Information of sampling sites along Mangshan Pumping Station

HE i G5 B AR 2313 4713
Sampling Site Code Information of Sampling Sites Longitude Latitude
sl BEAEIR S| BR T 113.4886944° 34.95827778°
S2 TR R H— TV > 113.4930556° 34.95863889°
S3 KU — i s AL 113.4961389° 34.95750000°
S4 TR — TV T B 113.4976944° 34.95780556°
S5 KU — Tt s B 113.5071667° 34.95563889°
S6 RO ME TR E 113.5178056° 34.92316667°
S7 ALY (R K BOK ) 113.5716389° 34.82088889°

1.3 Bkt
1.3.1  fRFEsHr
TR D) AP B SRR A DL A BEAR (Y ) Rl i
Y=(n/N) Xf,
o, n A5 | RS, N AT R SRR o B Y (E R T 0.02 RS IL SR,
1.3.2 ZHAEHT
PRI Y Z e R ] Shannon-Wiener ZREVEFEEER N, T B AT .
H= 2 PlnP,

K n FOR B, PR | R S S L
1.3.3  FEEARIME B

TR I REVR S M AR EE R T Jaccard FHIEESS RO . AR N .

S=c/(a+b-c)

K, S HAIMEFREL, ¢ 2 2 DS ILA RN, o b B BER IR, Jaccard AHAUMEFE BB B T A= 455 1Y
FHAIRREE

PRI S5 — e X 20k 6 G, HARIT HARMEUN SR 2 Frow . AHRUEEFE 5 S (EBRA , WIHEE SEaAE (L AR B
(LSl

F2 AN EEMIRE

Table 2 The criteria for Similarity of community

PN I {EL B2 B WG 15 (& BRI IBU
Rank Threshold Description Rank Threshold Description
1 0 SE AL v 0.51—0.75 rpEE AR
i} 0.01—0.25 AR A 0.76—0.99 AR
1l 0.26—0.50 REEARML VI 1 SE4AE

1.3.4 Sttt

AAFE P BRI 5 HER (Polar Ordination analysis, POA) FITUAY43#HT ( Redundancy analysis, RDA) %
FhZoegeitorik, o, POA T 23 M 7K U5 T ik AN [v) A 35 v 3o W AR ) A 5 25 A0 1 22 531, >R FH PC-Ord v5.0
B, RDA FTor PRI HE MIRE TR S5 AR AE 5 B BT R T Y 5C 2, SR AT Canoco v4.5 304, Jr#frid f vh 4y i
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Table 3 The number and proportion of phytoplankton species ( genus) from the various classes in Mangshan pumping station

41l T Gl REMT 1 T ST ait
Composition Cyanophyta Chrysophyta  Bacillariophyta Dinophyta FEuglenophyta Chlorophyta Total
J& Genus 9 1 22 2 2 16 52
fif Species 12 1 51 2 4 34 104
T 43 W, Percent 11.54 0.96 49.04 1.92 3.85 32.69 100.00
PEWHHL ) L 3 R K 20 15 2 L 4, UK 1 o ) Chsopia 8 SE381 CHoroe
(S1) e3P A AR 2 3 B o (AR 0.19)\%[1%?—@ . u @ig ﬁyg'p,’fy’?’ : ggg gclfz%z;phym
R BRI 0.16) 7 GUTS M g 7K T3 vp 4
PN TR, LR RS s4 RkE 5 [ u
SO LR IESIE 0.23) BRGNS — £ ] e
PegiieRh s MR KUK 1 (S7) 1, i Fk v 2| -
S AR N L DRSS AR R S Sy W B R /N F
BRI 0.56) . 3
2.2 WAFREE A EZN
R RE S5 VR Ui A W AN M R R B S R AE st s2 s3 s4 S5 S6 §7
134726—740035 A~/L Z 1], F-BI{H K 435642 4/ L; 4= TRt Sumple st
Yy it AR S FIE 0.090—0.992 me/L Z 18], SF-H{E Hy 0. 2 BRI KR S A T

386 mg/L(F 5) . MZSiAsfk & AW AR k434 5  Fig.2  The spatial variations of the phytoplankton species
WAL R (F 6 MK 8), HIMHUKII(S1) 7  (genus) in Mangshan pumping station
THERE ) 5 B Fe K, A= P e AR s S VD A 3 V7 it A
Y FEAE— S0, TR (S3 .54 S5 ) bR [ T AR g T e 48T B K TR G K, i T
TE AR /N KRR W S PRIAE ) %% BE PR T I, e TR KRS R - A s | 2B e ) R
i A FE K BOK A BT PR AR S K KA PR AT ) 2 R WA Bl PG AR Sy /N S T
AWy T R R R (0.090) .

T B R O TR (36 7)) |, TR UTATL ) 258 B 2 4 K o 2 ke 5 BV Y 25.81%—77.91% , -
BIE R 57.98% , HoA T IEAE Yy ARk B F2, TR AL R B B i 2s (el AR Ak, i BRIOK H
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R, e FE B N, 22 — R DIUMR B (S5) , HHBE FBil_E T2 9.34% , feJim 2= Al el /K ) UK 11 (S7)
F T /KL A5 I PR AL, e L) T ey

R4 BUEREHZFEWASERT 0.2 BT

Table 4 The species with the dominance over 0.2 in Mangshan pumping station

RHE R BRI 0.2 P PRIAFE R 0.15 HIFPE
Sampling Sites The Species with the dominance over 0.2 The Species with the dominance over 0.15
sl T B PE(0.19) FEAF T HE(0.16)
s2 RO (0.33) T
S3 KO (0.22) /Nas B¥E(0.19)
s4 WU £ A (0.23) KO (0.16)
S5 I RO HEEE (0.19) \SEEKHE(0.19)
S6 XU HEEE (0.34) T
S7 /N #(0.56) Ji

£5 BLUREBERELZFHENEERENE

Table 5 The densities and biomass of the phytoplankton in each sampling site in Mangshan pumping station

REER I (cells/LL) ERhE (mg/ L) RAER I (cells/L) i (mg/L)
Sampling Sites Density Biomass Sampling Sites Density Biomass
sl 134726 0.174 S5 670152 0.992
2 344202 0.184 S6 151240 0.152
3 740035 0.437 s7 279013 0.090
sS4 730126 0.676

Fo6 BUREWNZHEMEETL (cell/L)

Table 6 The phytoplankton densities from the various classes in Mangshan pumping station

RAE L W] G TR ] ] REET] LRUET]
Smapling Sites Cyanophyta Chrysophyta Bacillariophyta Dinophyta Euglenophyta Chlorophyta

S1 99958 34768
S2 26076 73013 5215 182532
S3 59975 86051 2608 524127
S4 161671 59975 508481
S5 93873 62582 2608 511089
S6 46937 5215 99089
S7 156456 44329 2608 75620

®7 WBURERZFHEVEEHER (%)

Table 7 The density proportion of the phytoplankton from the various classes in Mangshan pumping station

RAER HE EHI B HBE] HREE] BB
Smapling Sites Cyanophyta Chrysophyta Bacillariophyta Dinophyta Euglenophyta Chlorophyta

Sl 74.19 25.81
s2 9.09 25.45 1.82 63.64
S3 8.91 12.79 0.39 77.91
sS4 22.14 8.21 69.64
S5 14.01 9.34 0.39 76.26
S6 31.03 3.45 65.52
s7 56.07 15.89 0.93 27.10

MEFIFE I AR A OR TR (R 9) , ERLIRESE St Hloh &2, e sk IL Bl i, PRIFHI 112610
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AR A R R 225 BEITHOK 0 (S1) Rk e AR W b 5 4 X35 (92.99% ) , 55 /&R 44k (7.
01%) o LTV Ab 3RS | F SRS 26 i LU R MR o, b B S 2R W i A — iU T Be (S4) 15t
% 0.380 mg/L, 5 BAEYIEY) 56.24% , FR&KKTRGIKIG,S6.S7 #Em H e Sk A Wt TR, RE S PRI
A e AR TR AR

®8 WBUHREHMZFREMENETN (mg/L)

Table 8 The phytoplankton biomass from the various classes in Mangshan pumping station (mg/L)

RFE R W] U] i A g PRAET] LR #it
Smapling Sites Cyanophyta Chrysophyta Bacillariophyta Dinophyta Euglenophyta Chlorophyta Total
S1 0 0 0.162 0 0 0.012 0.174

S2 0 0 0.069 0.033 0 0.051 0.153

S3 0.002 0 0.072 0.183 0 0.141 0.397

s4 0 0 0.156 0.380 0 0.140 0.676

S5 0 0 0.092 0.396 0.019 0.485 0.992

S6 0 0 0.092 0.033 0 0.027 0.152

S7 0.001 0 0.052 0 0.019 0.019 0.090
S 0.001 0 0.099 0.146 0.005 0.125 0.376

x99 MLREBEEZHFENENELN( %)

Table 9 The biomass composition of the phytoplankton from the various classes in Mangshan pumping station

P W] ST TERET] B HRIETT ERUET] &it
Smapling Sites Cyanophyta Chrysophyta Bacillariophyta Dinophyta Euglenophyta Chlorophyta Total
S1 0 0 92.99 0 0 7.01 100

S2 0.06 0 45.14 21.58 0 33.22 100

S3 0.46 0 18.07 45.99 0 35.49 100

S4 0 0 23.04 56.24 0 20.71 100

S5 0 0 9.23 39.97 1.89 48.92 100

S6 0 0 60.64 21.70 0 17.66 100

S7 0.62 0 57.12 0 20.77 21.49 100
SEHE 0.06 0 43.75 26.50 3.24 26.36 100

2.3 MRERRBRM AR EOTA

B RAE AR S BN ZREPEE K0T 45 R W35 10 F16 11, WFEh AT LIFE 3], RAE & S3.94 .85 Wb
H R ARRL IR B BEARIRCR o 7 ST 5B R SRS Y8 2% s IRl SRR A5 S7 5 R A A S2—S6 M
WIBEAE 2% . FITA SRRE W I A2 ) ZREPEFE RO AR 1.75—2.65 Z A, H.LA BT b S4 T S5 2B ¥ 2R i
L KT BUK O ST SRR,

F10 BURERERFSBCEEY

Table 10 The similarity indices in all sampling sites in Mangshan Pumping Station

TRE S
Samﬁi“;iﬁ: éo " sl S2 S3 s4 S5 S6 s7
s1 1.00 0.24 0.28 0.25 0.16 0.17 0.23

2 WA 1.00 0.48 0.51 0.45 0.42 0.38

s3 L)y R 1.00 0.54 0.51 0.48 0.40

4 A g W 1.00 0.64 0.46 0.39

s5 A L]}y g g 1.00 0.49 0.46

$6 A R B B L=}y 1.00 0.42

s7 ZN R TR B BE ®RE 1.00
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11 BUREBERESSHEEEY

Table 11 The biodiversity indices in all sampling sites in Mangshan Pumping Station

FHE S Sampling sites S1 s2 S3 S4 S5 S6 s7
ZREPEFE S Biodiversity indices 2.42 2.18 2.40 2.65 2.59 2.24 1.75
3 iFig

31 TR R AR 22 b
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i E IR T S2-85 BYZKARAE — T 2T b, AR AR, A2 355 S1 A ST A ARKARTA 107 S6 W4k T %%
Z 8],
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Fig.3 The biplots of POA based on the qualitative data (left) and the quantitative data (right) of the phytoplankton
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PIBFsE b — BRI RDA R —Fh ELHEEBAE A0 AT s, BRGS0 £ BE SR — A s — 41 s i
i — 2 REEZ SR ARG R RDA SRVEAN /30T A58 7 5 PRI R RE VR 22 ) (9 N FE K R
BARG BT i B b DA RAE SRR H 40 L (> = 10%, ) R WFAE ) 4 T TR A P AR [ (%) S Fh g 2
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Chl.a ZEAE NG EE , S Wi i 28 fe SR IR i DG &R

RDA St &5 R R W] /i 4 Pl fg R 1 88. 1% MM P B 22 55, 9 D IREE I+ iy TP (I H - 1IF = 1.
8990) ,ORP(IF=1.3808) .DO(IF=2.0724) SPC(IF=2.4198) X F il M Bt IE 45 2 m ey W2 . R
ATLAE 5 1 () FRERMJ2 DO AT ORP B6EE 5 1 BN ZE 24 DO I3/ (a4 1fii ORP 2 B3 in
AR 26 2 il (Ol ) BB LT KR TP B, N R 2 1 TP 28R, M4 S0 E R &5 Rk E
£k B E TR P VB A 0 LU A AR 3 35 B2 1) P v TR A0, T 4t 8 5 R 8 1 ) 0 e 500 it /K A R VR B 1)
T FRE, A AR A B R 0 L S AR BE LA L TSR 1T A RS N BN e R
B 5 S AR JE LAY S IR AR G, S AR R UG,

PE—2L A 1 RN EE 2 Slss SUB A DU BR AT LA B 55 1 SRR X3P, 5 8 ) 0 % B LU 191 52 T s
DX, IR I S 2 A 7 B A WS T )/ NI E (IR i3k 0.56) s 7E5E 2 2 BR (DO A1 TP #m i IX k) |
FESET TR A 1 B L Y g 3 b 08 45 R B AT 56 3 R FRJE T DO 8w TP ARy IX.
B, AT LA B X sl N AR ) R, HREME S DO W), O ELRERET IRh 8 e ) 35 B S 1%
B Lo B B FE R DO (TS AL TP (R B ka3 76565 4 BRI, KRS 37 S5 IR ORP 46 B2 iy
B, X A S 11 0 9% B S AP B SR e T T R 2B 5 9 B S 355 ), I LG 2 B SRR B 1 T iy, SR T AT 328 1)
WA R

— B, AR R KA B TR IR R 25 B R RN A RRAE Y PRI R S K A 25 R G R E B ARG 4
BER IR S E I WV &1 FDNEE Y T D o v A A S 12 (ER 7)) 3 B UL S X (R e B W R N R 1 D
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Fig.4 The biplot of RDA based on the data of the phytoplankton and the environmental factors
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ARG B A ARBOKK R R F BB Y AR e i) — O R . Bk DL BRI A ot ot o 2, 5L
BRI SR | A IR RS RBCEARAR A O T P SR AL R L AN A S R
BB IR AL F LA R AR A SRR S M R B R B TRTE AR YA
A, A LU B R () — I ) BERAE: | 42 7 bl A PRI5E DR 3 X0 P2 05 AL 00 A 7 45 0 ) 532 W) 5 91 S5 7K Ao 2 W I
AN, BIRIE 4 5 3 RERIXHE XX AE Y Z R R . XA IR DO B i s 77 S R — o2 I
IR BT B2 TP Th i, AK AT i AR R LA 2 8 D 32, 3 T AL ) DR A K S5 B0 HL K AR P i A ST
o (HAEABESO, BRSBTS M 0 RE B M AR B2k . T RERY— P LR TP B2 Y S 198
U A T AR A TR SRR BT LIS BE RO AR R LS SRR . IS, DL AT AR B R ) B K —
IKARAR IR | Xob PR AL B R PR TR AR O W R AR, R 35 SRt T A T ) A S R DT AR G

4 #Hig
TIS LR St 30 ek A BT SO I o DC U sk DRI AJBOK) o S AU IR, 1] AR 31K 2

BOK 2K BOK B I v 40 RS AR e i A T W AR AL Sk A A A BT IBOK AR
THEAE ) A Wy s A W) Z REPE S T i U5 A, O EL RDA T POA 3138 W 7 A SRAE I 4 43 A = AR B AE 855
1117 ELPRI5E DR 136 7 10 AR A v S R A7 A 5 R IR BT O 1 BK T IBOK | SRARR S SR 7S K Y5 38
BT, e BN AT R DTV B T T /N R AL Rk 056, IRtk s BOM JLZR TP, JEHORAR Sl el 7K
JHOK I B DS RE o ) A R DDA B3 T SC U o i B B A S S AR 9B A 7 P s O A, A RS
Sk B P A XTI R AR TR, A, 25 BT L ol TR K T AU S DR KA
Bt AR EBFNIX, 2 AR N FR T E, LA B RO e 55 , sl BU™ M 2 il 52 988 o A0 5 | IR J) Bl Y = b o
R T Al AR S A IR B DA T3 G A% VR TS e R A

£ 3L HR ( References)

sREAE, RH, SRELER. AN TR K PR BT ABUIRIT AR, BHEPEIR, 2009, (23) @ 107-108.

]
[ 2] ABEBL, oK, BRh, sk, ULl I ievs 4t S L S FREE I T SC R ARk, 2010, 22(1) : 70-78.
[3] ZERkfe, whid-F. JET CCA BYSRELIR /KK PRI R IR S AS RRIE S0 . R4, 2007, 27(6) @ 2355-2364.
[4] ZERZE, sfbde, RIS, XUERE, e, WE ARZEINAR TR AW L2 TRENHT. KAEYZH, 2010, 34(1) ; 43-50.
[ 5] tamibe, w055, PhBE, 22280, 2R SEWIBESEl S BRI 7w LA, AL BREERLSA2840, 2011, 30(5) : 952-958.
[6] RER, WATE, BHH, FER, RO = WK BRI T M SCRAR KR i Y 2 B 5Ok B AR, 2013, 25(3) :
378-385.
[ 7] FW, WEE R BUKIFWHERVIONE. dEat: Brashpat, 1991

]
1 ey, BELG. hEBOKER—FRS, AR U B, 2006.
[9] ®HME. PERROKESS. . RiERFAREAR LM, 1980.
1 BRLLER, SRAEZR. KEETEIHEYR R SR 2 0. DU %R, 2001, 34(1): 18-21.
1 e, TR, XA, mlE, B4R, RN SRR SIR YRR S RIE R S B TR OC R, WIRERE, 2010, 22(6)
950-956.
[12] &%, g, e, JEdesk 2ok BP0 R, B 2207, K TT I i B A WA i e A R B JHE 5 B3 PR 7 14 SR X 3 20 #
R 2013, 34(7) : 2588-2596.
[13]  HJRE, FZR, QB F2R TORSHT (RDA) £E 46 W0 DT R AR 4R & o i 1 I —— LA 80 g 1. St AFF 5%, 2007, 26(3) :
477-484.
[14]  Ewg, 866, F¥, 26, IR0, SBTTR & SR W R 45 b S S BRI I G & AR S 4, 2013, 24(1) : 243-250.
[15] 2R3, BEZCW. VHIIRIEAEY) 09808 I & B SRR R IE 09 A= 354000 vh IR, 2001, 21(6) : 540-544.
[16] Wang XL, LuY L, He GZ, HanJ Y, Wang T Y. Exploration of relationships between phytoplankton biomass and related environmental variables
using multivariate statistic analysis in a eutrophic shallow lake: A5-year study. Journal of Environmental Sciences, 2007. 19(8) : 920-927.
[17]  PEdSiT, AL ARTFHIRAE B RN AKEHREYT, 2003, 19(5) ; 42-44.
(18] #AZF, VFIRAL, Wh3 %, WRIEAE, DT-HL, ka4, M, &X200 SURUK R B Y REE FRAE SR IR I X ROPE. SRR 224,
2014, 34(4) . 950-958.

http ; //www.ecologica.cn



