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Tab. 1 Dominant species of phytoplankton in Youxian County
and Wanshan District

I JE A T4 Dfﬁie
Phylum  Species Latin name e Hls
W WANTFR Merismopedia 0.03 —

e tenuissima

it e Pseudoanabaena sp. 0.15 —

M¥HL23  Leptolyngbya sp. 0.15 —

fik v FHIE B Navicula sp. 0.02 —

ESia Nitzschia sp. 0.03 —

LR A Chlamydomonas sp. 0.02 —
58 [(Sh Cryptomonas sp. 0.03  0.03

A58 — XS Ceratium furcoides — 0.03
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Tab. 2 The phytoplankton diversity index in Youxian County

TEHrIndex YX1 YX2 YX3 YX4 YX5 YX6
YFhFE D 25 31 16 14 10 27
TR-BANIEEH  3.206 3.430 2.768 2.628 2.282 3.290
A e 0.987 0.996 0.995 0.989 0.979 0.994

F(P<0.05), i ELAN 7 1L H ) 415 2 S0l 2.6 1440
8.158 pg/L. 14.925f185.879 pg/L. 0.2607111.434 pg/
L, HoAh &4 8 & 5 0 2 7 A B2 (P>0.05).

IR AR A R BOR, YX6. WST,
WS5. WS6. WSTHIWSO&FE S TN & & T3
FIKV RIRAE, HADSFE s FII—V JE; BRWS6
FESINH -NE 2 T H R KIS R AE, oA 55
HRAKT 1128 [ SEPRME; BRWS8FE S TP & & = T3
FeOKITZERAE, HoAth & FF 2 A% T 113888 T 28R
. BERETZEoPER, HHWT XKICH & Z 7
2 (P<0.05), HAl & FEAL DR 7 0 22 55 OR B2%
(P>0.05).

HAY XS5 s KAk 2 5mER 1%, pHN3.86, HoAth
A7 ok B ES B R Y X5 A B e R Ak
PEFI S %, ORPAISPCA) il 484.5F1946.0; Ff H.
HEZMELE B s T HA &AL, Cao R
BN EENESEGROUE, 0 SRR

WS5. WS6FIWS7% A SN E =R =, 700
N13.14. 13.97F118.67 mg/L; WSIZ fiChl. a & &
B, N71.96 ng/L; WSOLL SAMnff & B i, A
169.649 pg/L.
24 FIEYSTMERTFHXR

TR ) T B S IR R T I Pearson AH 5GP 7
e RRMPHAE — 2N ERGK 6). KiEE
NH;-N. Cr. Se. BaflIVEA &E 1 Ak, £
P SRR ST AEY) S CODy, B A B B IEA
Ktk HEESTOCHA B &M IEM S, BiES
VEA BER AN, #i5CODy,~ ORPEF
BEMIEMXNE, 5NOJ -N. Se A7 B M b,

fEMantel test73 41 H1 (& 5), BrpH/ME 5 75 1L
HAB AL 7 S Fh A B3 i g (x+ 1) e e o 45
FERWEEA N 5 CODy,,« WTHIBa A % st %
PE, FHE R HAE0.2—0.4; TEREE 5pH. TC. IC.
Co. Ni. Zn. CAHIPbEA B mAH KM, #H K R 3L
7£0.2—0.4; £47% 5CODyy,» WTAHIChL a B 55
FHORE, A RE =0.4; HAKEEER 5PO3 -
P. Chl a AR mAHIME, HHC RETE0.2—0.4.

8 Pearsontf I ME 43 AT, A I M B 5 1) IRl
g N—2K, o N4k, 4 ZFI(NHL -N. TN,

®3 AUSHRFHEYSHLER
Tab. 3 The phytoplankton diversity index in Wanshan District

FFrIndex WS1 WS2 WS3 WS4 WS35 WS6 WS7 WS8 WS9
YMEEED 15 14 17 7 6 10 14 13 18
FR-BANFEHH 1.605 2233 1.421 1.317 0.482 1.963 1.438 2.267 2.401

BEvEa T 0.332 0.666 0.244 0.533 0.270 0.712 0.301 0.742 0.613
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NOj5-N. POy -P). F2(DO. pH. IC. TC. TOC.
TP). F3(CODy,~ Chl.a. WT. SPC. ORP)#l
F4(Cd. Cr. Mn. Fe. Co. Ni, Cu. As. Se.
Sr. Ba. Zn. U. V. Rb. Pb).

CCAMTEM KM K BL(K 6), F2. F370
FA%5 2 S W PRI I DIV LK R B R 3R . F2

B NC. PHIpH. DO, H5CCA1HIFIMH X 2L S
1£0.92. DO5CCAH B V353 B AH ¢ R AR & -
P3[R R 75 ORP, AALIE R XT F Z 0 HR
I BE A A R, S KRG A
N B EENER. FANES R, S
CCAHhFIFH R RECH0.44,

®4 WEMALEERESERNR

Tab. 4 Means (minimum-maximum) of heavy metal elements content in Youxian County and Wanshan District

# 4 )& & FiContent of heavy it 'Y ouxian County

73 tLiWanshan District

metal clements (ugl)  JIIEAVG RcMax  BEMn TEEAVG hkfivas nmvin ¢ TR
Cd111 1.434 4.189 0.025 0.018 0.055 0.003 1.580 0.231
Cr52 2.614 2.928 2.323 8.158 21.761 3.107 4.726 0.049
Mn 55 796.331 4652.234 0.082 25.748 169.649 0.114 1.555 0.234
Fe 57 241.882 816.575 85.542 212.187 308.844 106.823 0.093 0.765
Co 59 13.944 80.809 0.048 0.176 0.253 0.077 1.653 0.221
Ni 60 29.906 161.710 1.535 3.671 5.382 1.746 1.542 0.236
Cu 63 7.978 37.702 0.929 1.674 2211 1.018 1.748 0.209
Zn 66 81.926 475.322 0.650 1.287 1.984 0.527 1.638 0.223
As 75 0.652 1.202 0.226 1.874 4.345 0.495 4.555 0.052
Se 82 0.679 0.963 0.492 22.897 60.258 1.077 4.077 0.065
Sr 88 412.259 1315.375 137.471 153.930 225.770 72.637 2.969 0.109
Ba 138 14.925 26.260 6.061 85.879 128.572 33.338 28.899 0.000
Pb 208 1.453 2.898 0.008 0.027 0.033 0.021 1.531 0.238
V51 0.260 0.420 0.097 1.434 3.584 0.358 4.777 0.048
Bi 209 — — — — — — — —
U 238 1.498 7.299 0.117 1.439 2.627 0.454 0.004 0.952
Rb 85 3.066 4.781 0.755 4.995 12.513 0.745 0.972 0.342
Hg — — — — — — — —

x5 MEFMALEMBLEFRAR

Tab.5 Means (minimum-maximum) of routine physics and chemistry index in Youxian County and Wanshan District

fiﬂ:?}’hy.sics and £ Youxian County J7 lLiWanshan District i Pl
chemistry index FIMEAVG  AMEMax  /MEMin CPIMEAVG o KfEMax  /MEMin

TN (mg/L) 1.63 2.01 1.27 6.48 18.67 1.28 2.971 0.108
NOj -N (mg/L) 0.75 1.56 0.18 5.21 13.40 0.00 3.705 0.076
NH; -N (mg/L) 0.09 0.19 0.02 0.29 1.35 0.03 1.022 0.330
TP (mg/L) 0.03 0.07 0.01 0.08 0.24 0.01 1.977 0.183
PO} -P (mg/L) 0.01 0.02 0.01 0.03 0.10 0.00 1.404 0.257
CODy;, (mg/L) 2.46 5.51 0.73 1.13 3.43 0.23 3.108 0.101
Chl. a (ng/L) 3.56 8.62 0.27 9.59 71.96 0.28 0.381 0.548
WT (C) 20.45 22.10 18.10 10.17 12.00 5.10 116.405 0.000
DO (mg/L) 8.08 11.00 2.50 10.20 12.90 6.80 3.226 0.096
SPC (uS/cm) 395.05 946.00 121.10 634.02 1247.00 282.80 1.172 0.213
pH 7.23 8.32 3.86 7.96 8.87 7.71 1.554 0.234
ORP (mV) 192.93 484.50 41.90 100.43 192.30 43.50 3.002 0.107
TC (mg/L) 18.74 28.79 1.20 31.33 47.61 9.49 3.888 0.070
IC (mg/L) 17.49 24.86 2.87 29.82 45.16 11.77 5.150 0.041
TOC (mg/L) 1.81 5.70 0.00 1.81 8.12 0.00 0.000 0.999
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Tab. 6 Pearson correlation coefficients between phytoplankton abundance and environmental factors

A8 K -FEnvironmental W Tk SR F [5ha PR & Bt
factor Cyanophyta Bacillariophyta Chlorophyta Pyrroptata Cryptophyta Euglenophyta Chrysophyta  Total
NO; -N ~0333 ~0.513 ~0257  -0.414 ~0.492 -0.692" 0014  —0.453
NH; -N 0517 —0.064 0.134 0.041 —0.184 -0.334 —0.071 —0.166
CODy, 0.447 0.535" 0.613" 0.434 0.477 0539 0124 0585

ORP 0.378 0.354 0.423 0.140 0.366 0.591" —-0.089 0.418
TOC 0.291 0.087 0.146 0.572° 0.304 0.285 —0.085 0.289
Cr -0.774" ~0.244 0216  -0.142 -0.477 -0.398 ~0227  —0.406
Se -0.664" -0.312 -0.274 -0.329 —0.481 ~0.640" -0.322 —0.498
Ba -0.597" -0.194 -0.331 0.203 -0.142 -0.139 0.067 -0.167

\ —0.515* —0.259 —0.108 —0.350 -0.546' —0.448 —0.300 —0.356

TE: * IR R AE0.05 /KT COUR A, **. FHIIE R AE0.0 17K T COURAGHIN)

Note: *. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed)
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Others H{th ‘
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B <0.01
B 0.01—0.05
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- (0.2—0.4
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Fig. 5 Environmental drivers of phytoplankton community composition
Mantel’s p#& 7~Mantel test{I4H 5 5 R IR 7K F; Mantel’s r&7~xMantel test{I4H5¢ R 4L; corrK 7~ PearsonAf ¢ R 4L

Pairwise comparison of environmental factors were shown with a color gradient denoting Pearson’s correlation coefficients. Phytoplankton

community composition was related to each environmental factor by partial Mantel tests
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THE COMMUNITY STRUCTURE OF PHYTOPLANKTON AND ITS
RELATIONSHIPS WITH ENVIRONMENTAL FACTORS
OF HEAVY METAL POLLUTION
DISTRICTS IN AUTUMN

SONG Gao-Fei', ZHU Yu-Xuan"’, Anila P. Ajayan ', YANG Li-Hua', JIA Yun-Lu',
JIANG Chuan-Qi' and BI Yong-Hong1

(1. State Key Laboratory of Fresh Water Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To study the community structure of phytoplankton in different aquatic bodies polluted by heavy metals and
its relationships with environmental factors, field surveys were conducted in Youxian County and Wanshan District in
November 2019. A total of 67 phytoplankton species were identified, belonging to 7 phyla and 52 genera. The com-
munity structure of phytoplankton has no remarkable difference between different water types (R=0.022, P=0.549),
but the two study areas were different (R=0.152, P=0.083). The communities were dominated by Chlorophyta, Bacil-
lariophyta, and Cyanophyta. The phytoplankton abundance ranged from 1.11x 10* to 1.17%10". The species richness of
the phytoplankton community was 10—31 in Youxian County and 6—18 in Wanshan District, the Shannon-Wiener in-
dex of the phytoplankton community was 2.28—3.29 in Youxian County and 0.482—2.401 in Wanshan District, the
evenness index of the phytoplankton community was 0.979—0.996 in Youxian County and 0.244—0.742 in Wanshan
District. These three indices showed significant differences in different districts (P<0.05). Pearson correlation analysis
indicated that CODy,,, TOC and ORP were significantly positively correlated with phytoplankton abundance, and Cr,
Se, Ba and V were significantly negatively correlated with phytoplankton abundance. Mantel test analysis indicated that
CODy,, WT, pH, TC, IC, POy -P and Co, Ni, Zn, Cd, and Pb were the key factors that explain the phytoplankton
community structure. The canonical correlation analysis indicated that the changes in the phytoplankton community
were more related to routine physics and chemistry index than to heavy metals. There were significant differences in
phytoplankton community structure in heavy metal polluted areas, and heavy metal ion content and routine physics and
chemistry index had significant influences on the community structure. These results provide a research basis for isolat-
ing heavy metal tolerant algal strains and carrying out subsequent transformation. Meanwhile, the research is of great
significance to the management and protection of water ecosystem.

Key words: Phytoplankton; Community structure; Physics and chemistry index; Heavy metal pollution



