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Structural Characterlstlcs of Phytoplankton Commum{les and' Its Relationship w1th
Env1r0nmental Factors in a Group Of Drinking /™ Water Reserv01rs by Water

Transmlsswn from Modaomen Waterway,m Zhuhai

ZHANG Meo- h , WANG En-rui', CHANG Sheng' ", WANG Shan-]un , JIN De-cai, FAN Yue-ting', ZHANG Kun-feng'~*, XIE Qiong',
FU Qing""

(1. National Environmental Protection Key Laboratory of Drinking Water Source Protection, State Key Laboratory of Environmental Criteria and Risk Assessment, National
Engineering Laboratory for Lake Pollution Control and Ecological Restoration, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. Research
Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 3. School of Forestry, Northeast Forestry University, Harbin 150040, China)
Abstract; Modaomen Waterway is the main outlet of the Pear River system and an important water source for Zhuhai and Macao. The water quality of 13 sampling sites in
Modaomen Waterway, phytoplankton, and environmental factors were investigated at 21 sampling sites in 4 drinking water source groups, which transport water from Modaomen
Waterway and connect with each other, in August and October of 2021. A total of 73 genera of phytoplankton in eight phyla were identified, with a total of 150 species, most
of them belonging to Cyanophyta, Chlorophyta, and Bacillariophyta. The relative abundance of Cyanophyta was higher than 90% in the DJS and YL reservoirs during flood and
dry seasons; Cyanophyta, Chlorophyta, and Bacillariophyta were dominant phyla during different seasons; and their distribution was balanced in the ZXD and ZY reservoirs.
The Shannon-Wiener index, Pielous uniformity index, and Margalef richness index showed that the ZY reservoir had the most abundant biodiversity, which indicated the best
water quality, followed by the ZXD and YL reservoirs. Conversely, the DJS was the least diverse reservoir for phytoplankton. The PCoA analysis indicated significant
differences in plankton structures in ZXD and ZY with the other two reservoirs (P <0.03), respectively. Redundancy analysis (RDA) showed that the main environmental
factors affecting the distribution of the phytoplankton community were NO;, TOC, TP, CI™, and NH," -N. These results indicated that the phytoplankton community of the
four reservoirs were greatly affected by the nutrient salt caused by water transport, which suggested that the water quality of Modaomen Waterway should be improved to increase
reservoir water nutrition to ensure the safety of drinking water sources.

Key words; Modaomen Waterway; drinking water reservoirs; phytoplankton; environmental factors; redundancy analysis (RDA)
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Table 1  Basic information of reservoirs
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7Y S| 2.99 4018 93.9 it
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Table 2 Mean value of water physical and chemical parameters in reservoirs and Modaomen waterway
I 44 A WT pH DO [ ALZE [ TP TN
DJs 30.400 £0.445 8.831 £0.164  5.857 +0.429 2.440 +0.083 0.028 +0.002 0.794 +0.023
YL 30.581 £0.372  8.004 £0.093  5.289 +0.191 1.600 +0.061 0.022 +0.001 1.351 £0.476
k3 ZXD 31.333 £0.387 8.703 £0.085  7.648 +0.358 2.167 £0.119 0.050 +0.000 1.700 +£0.012
7Y 32.267 £0.109 8.570 £0.011  7.668 +0. 152 1.500 0. 106 0.028 +£0.002 0.658 £0.038
MDM 30.862 +0.203 7.878 £0.093  6.647 +0.103 1.631 +0.130 0.104 +0.015 2.288 +0.111
DJs 28.215+0.181 7.404 £0.403  7.591 +0.335 2.225 +0.059 0.050 +0.000 1.323 +0.084
YL 28.811 £0.119 7.239 +0.184  7.063 +0. 169 1.488 +0.090 0.028 +0.002 0.915 +0.051
iK1 ZXD 29.144 £0.211  7.693 £0.024  7.150 +0.099 1.300 +£0.047 0.033 +£0.003 1.537 £0.010
7Y 29.568 +0.248 7.613 £0.006  6.883 +0.031 1.425 +0.041 0.075 +0.013 1.590 +0.027
MDM 29.308 £0.126  7.795+0.087  7.174 +0. 188 1.746 +0.236 0.075 +0.001 1.820 +0.020
inp:u] iH NH," -N NO; Chl-a Cl- TOC TLI
DJs 0.319+£0.013  0.392 £0.009 26.620 +4.817 6.906 +0.086 3.000 £0.049 47.701
YL 0.203 £0.055 0.515+£0.019 8.478 £0.871 8.550 £2.493 2.378 £0.162 40.122
FKW ZXD 0.278 £0.003  1.327 £0.018 22.833 £0.930 18.833 +0.354 1.600 +£0.047 47.963
7Y 0.074 £0.008  0.502 £0. 005 4.398 £0.134 5.345 £0.065 1.175 +£0. 143 37.931
MDM 0.308 +£0.123  1.752£0.058 17.940 £9.659 21.195 +7.091- 1.890 £0. 155 i ’—. —
DJs 0.387 £0.011  0.349 +0.004  47.450 +0.388  15.205+0.397 4.040 £0.078 -*53,.-"182
YL 0.2840.013  0.331%0.035 18.700 +1.796 6.368:%0. 577 2.600 +0.108 43 248
KA ZXD 0.054 £0.005 1.353'€0.024  7.723 £0.962 18.1700 0. 478 \ 1.467 +0.072 4.1;‘27’52‘
Y 0.062 £0.000- 1.418-+0.015 5.818 +£0.346 8/863 +£0.034 15,600 0. 035 4‘5289 i
MDM 0.203 +0.031 1.40.2 +0.061 7.740 £2.300 439.023 1‘1‘89.977 1.770 +0.068 - = ¥
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MEBEIITKIERI 3525, S FokkE 2.2 “’(ﬁ??ﬁﬁ%ﬁg ez
FAZEARK, AR X0t th TAKEEN A B EATK 2,21 PPN

BT IIRE , 53— 7 I, P D01 1KAH R K 4R R e
MBI, WA A LA IR O 32 KRR B £ A2 B
U7V b 22 B VR 2K S0

F. iﬁﬁﬂifw AR PEEAGIN L 8 17773 )@ 150 Ff
TGRS, S0 . R . VR AT X 4 AN TI8 N |
R, Hdp KRG 8 17 62 J& 118 Flt, 4%



4494 woo

B 43 %

ITRIRN R I N £ R, 59 B, i BLEEFEY 50. 0%,
HUOE P 18 FPAAESETT 17 F, 0515 15. 2%
F14. 4% 5 KKK 8 1161 J& 104 Fi, ]
61 Ffr, (5 A PRI BN 58. 6%, HIR N HESET] 16 FhAl

WEBET] 14 Fh 4350 15. 3% 1 13. 4% .

X A PR 2 TR A A A B E (1 3)
ALK IR 4 A KR PR AR ) R 28 o L T AR AL,
T DALRBE AN R .

ik g Pk

KBk BRI
100 =

80 |

60 I
40 I I

20

FhAH S %

0
100 +

80

60—I
40 III

RN %

nanaisil

E&4

I I I .

ll l i
AN Hunl
N =] = .

EFxD

R I il e e R 2B g 88 = 5 2= -
2222338 > 5 5 F R = = S N R &R &
& I ne 2 r i ™o - * 3
| | I | s pRmmmannsn st &l N A
l_,.,-r"" J !I Fig. @“ omgos#i)fﬂ of phytoplankton species i:}-.ipserv_irs -{ o
'I. .-;I ".'% | F‘ I ‘J:If F £ .‘l! '|‘ l.' "‘
282 KRuFgiEERE

."yéﬂ AR FNAS 7K P 1 37 e A ) B2
FEAR AR RL, 35988 1T 347 o 2 X O 38 Al e) DA 8 1)
R U BT TR K R LG ] 3, Hh
WEBE T TAIRESE [T 5 MK, BT LK 2 DL BT
F L BRI LE BTN R T TSR BT TR,
AR 7K P LA R 32, U e e TR ]
PR K BE LA 1 1o 3, OO ke T (BT 4).

T AR ) 20 1 B ) 23 ) o3 A R (181 5)
4 AR WEAE ) A0 B B 2 2 e ORI
A G 7K P 17 AL 200 J 288 T 00 25 v P A
PR, T DA B R SR A AR AT AR K 2
IR ) 25 Fh 28 E B 5 LL S 7, HRK )
YEshK, 17 DA ) 240 i = Bt AR .
2.2.3 PP PR

4 IR AR L 6 177 22 B, £
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PP R REBET ] BT IVRNREBET], S AR
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Fig. 5 Spatial distribution of phytoplankton abundance in reservoirs
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Table 4 Dominant species and dominance index of plankton in different lakes
DJS YL 7ZXD A S
. . N

Il E LTI n m n 5 n m n 5

z1 LA A 3 Cylindrospermopsis raciborskit ) 0.95 0.95 0.96 0. 89 — 0.07 0.02 —

2 433k ( Raphidiopsis sp. ) 0.02 — — — 0.08 — — —

B z3 hfJIE 3 ( Pseudoanabaena sp. ) — — — — 0. 84 — 0.03 —

- 74 £ 3 (Anabaena sp. ) — — — — — — 0. 06 —
75 A ( Cyanobium distomicola) — — — — — — 0.05 —
70 13535 ( Microcystis sp. ) — — — — — — — 0. 05
77 25 B ( Coelastrum sp. ) — — — — — 0.02 — 0.15
8 A< ( Chlamydomonas sp. ) — — — — — 0. 06 — 0. 04
29 5 ( Crucigenia sp. ) — — — — — 0.02 0.09  0.03
z10 JINERE ( Chlorella vulgaris) — — — — — 0. 05 —

LRPET] z11 M5 ( Scenedesmus sp. ) — — — — — 0. 06 — 0.03
z12 G ( Cosmarium sp. ) — — — — — — 0.03 —
z13 YR A& 35 ( Oocystis sp. ) — — — — — — 0.02 —
z14 VU ff19% ( Tetraedron sp. ) — — — — — — 0. 03;__‘_‘,.#"“—.
z15 2Bk ( Eudorina elegans) — — — — Il- — — ) O,Iﬁ'l
216 EHEWE(Melosira sp. ) - — — — — 006 = /00

k] z17 JNERE ( Cyclotella sp. ) ol — — — | .F(F'-oz | = 0.14 0.1 y’ 0..39

| = F ==
z18 FHFF5E (Synedra sp. ) — — _. & — | 'l‘— 0.03 Fa /’/- - &

] z19 [543 ( Cryptomonas sp. ) Iy — — —+ — ‘I 0. 05 0.13 0. Oﬁf s - J

" 720 5 B2 3% ( Chroomonas si) ) { ‘r — J"l_ _‘."'f— l_ 0.05 il o~ —"-.

H @jj 721 _,.-"'l gtﬁ % ( Peridinium sp. )I / ' .'_‘_.I' ! ,.-'"" — I‘Iﬁ‘;’ \ TF,-"A 4 %ﬁ.-u“ — 0.09 """j‘_'—'l"
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Fig. 6 Biodiversity index
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®5 FiFEYEETE Bray-Curtis BE 5§ ANOSIM #1
Table 5 ANOSIM test of phytoplankton community

based on Bray-Curtis distance

SiH F K At K39
R P R P
DJS x YL 0. 268 0. 052 0.225 0. 053
DJS x ZXD 1 0.015 1 0.019
DJS xZY 1 0.011 1 0. 008
YL xZXD 0.938 0. 006 0. 595 0. 009
YL xZY 0.927 0. 004 0. 641 0. 006
ZXD x ZY 0. 944 0. 031 0. 667 0.029

B SRR, 5 TOC g, AT Al AL Ty R

T ML, 5 NO; TP 55T, PRk JEREJ7 iR
BRI R A K, 25— 2R 4 I hE
fRE 31.79% Al 14. 51% [IFIFHEYIREE 22 5%, 714l

TARRGELAK ERE T MR E TR — 2 W, A
SR FHE , M K ERE P RETHE = =
F, 5 TOC, R TE%L. Chl-a MINH, -NEET,
PR BERE DT AL FAE U4 R, 5 NO; | TN A1 Cl-
SEIL.

W SRERIE B R (R 6), AT LU K
WINO; | TOC F TP 5 et M) #f I R BHA B 3
PG (P <0.05) , HAESS — )74l NO; F1 TP &2 1E
A, TOC 527 AH G, 7255 — )3 i A A 8% K 741
B G MK NOy . AR R ER R B, 1
NH," -N5 17 WA ) B V& FRAE B o 5 AH G (P <
0.05) , HFES—F4 NO, 1 C1- S IEM L, mih iR
ERFEBOMINH, -N 2 GG, 7858 P fliBR NO, 2
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Table 6  Correlations of each environmental factor

and phytoplankton communities

T %m% ﬁm%
Pseudo-F P Pseudo-F P
NOy 5.1 0.002 ™ 7.9 0.002 ™
TOC 4.9 0.002 ™ 2.9 0.008 ™
TP 2.2 0.006 " 1.5 0.128
Cl- 1.1 0. 442 2 0.028 *
NH, -N 1.2 0. 244 1.8 0.038 "
TR IR E S 0.8 0. 602 0.7 0.77
TN 0.7 0.74 0.6 0.79%4
Chl-a 0.3 0.972 0.5 0.902
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