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The responding mechanism of nutrient concentration on the maintenance and long-term operation of macrophytes-dominated
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Abstract: In order to explore the responding mechanism of nutrient concentration on the maintenance and long-term operation of
macrophytes-dominated clear water state in lake ecological restoration projects, a large in-situ test enclosure was set up in Caohai,
Dianchi Lake. Using the in-situ mesocosms via nonparametric change-point analysis (nCPA) and thresholds indicator taxa analysis
(TITAN), nutrient thresholds of chlorophyll a, turbidity, transparency and phytoplankton community were studied. Even in a more
successful and long-term clear state enclosure with lower chlorophyll a, the cyanobacteria still absolutely dominated in summer. TN
and TP thresholds of the ecological restoration enclosure for chlorophyll a were 1.423 and 0.103mg/L, whereas TN and TP thresholds
for transparency were 1.684 and 0.103mg/L, respectively. The mean values of TP in all enclosures was greater than or equal to
0.226mg/L. In the later period, B1, B3, B8 enclosures were in clear water state with the mean values of TN lower than or equal to
1.42mg/L, whereas B5, Al, A2, A3, Adenclosures were in turbid water state with all mean values of TN greater than or equal to
1.78mg/L. These results showed that TN should be primarily considered for the ecological restoration at area with heavy
cyanobacteria blooms. When TP concentration severely exceeds the threshold, concentration of TN then becomes the limiting factor,
and if kept at low level, the long-term operation of macrophytes-dominated clear water state could still be maintained to achieve the
transition from phytoplankton-dominated turbid water state to macrophytes-dominated clear water state.
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Table 1 The average of environmental parameters in the mesocosms during the experiment

IREEH T Al A3 Bl B3 A2 A4 B5 B8

WL T(°C) 17.4 17.5 17.4 17.3 17.4 17.4 17.4 17.4
W4 DO(mg/L) 7.16 7.09 7.27 6.15 7.16 7.75 7.32 6.80
15 % Cond(puS/cm) 361.3 3573 338.9 304.7 358.7 355.9 344.0 323.8
pH 1 9.27 9.29 9.55 9.75 9.36 9.38 9.47 9.77
VRARYE S 44 TDS(mg/L) 271.1 267.0 257.0 229.6 268.8 268.7 258.8 243.6
LIRS HLAL ORP(mV) 59.0 60.3 46.8 48.9 61.5 59.8 58.4 47.8
Lh1¥ Sal(%o) 0.20 0.20 0.19 0.17 0.20 0.20 0.19 0.18

VL (NTU) 12.93 12.56 5.55 5.79 16.23 14.31 13.17 7.76
EHAE 0.51 0.46 0.72 0.74 0.39 0.40 0.46 0.65
Chla(pg/L) 82.30 93.51 33.89 28.12 105.16 105.40 97.61 65.72
TN(mg/L) 227 2.10 1.39 1.09 2.14 2.10 1.78 1.42
TP(mg/L) 0.279 0.269 0312 0.228 0.230 0.226 0.238 0.248
NH;-N(mg/L) 0.87 0.69 0.53 0.45 0.59 0.50 0.51 0.40
NO; -N(mg/L) 0.25 0.23 0.07 0.05 0.28 0.38 0.13 0.075
NO, -N(mg/L) 0.068 0.061 0.020 0.014 0.054 0.077 0.037 0.013
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Fig.2 The community composition of phytoplankton in the mesocosms during the experiment
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Fig.3 Redundancy analysis showing relationship between

chla, transparency, turbidity and environmental factors
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Table 2 The correlation between chlorophyll a, transparency,

turbidity and nutrients

Febr TN TP NH;-N  NO;-N  NO,-N
Hegzia 05627 0.098 -0.027 0.192" 0.130

R 0.523" 0.328" -0.080 0.119 0.099
FEWRE 05657 —0.163" 0.128 -0.149 -0.109

1:°P<0.05. " P<0.01.
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Table 3 The nutrient thresholds of chlorophyll a, transparency,

turbidity and phytoplankton community

NH;-N NO; -N

VA TWIRFS Z¥  TN(mg/L) TP(mg/L)

(mg/L) (mg/L)
nCPA MagE a 1.423 0.103 - 0.080
nCPA R 1.142 0.108 - -
nCPA B E 1.684 0.103 - 0.080
TITAN 4% 1.602 0.189 1.206 0.069
TITAN [Em MR 1.734 0.186 0.701 0.197
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Fig.4 TITAN sum of negative (z—) and positive (z+) responding species to all candidate change points of TN, TP, NH;—N and
NO; -N gradients
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Wi N Rf BRI TG R 1.413~1.835me/L; 4y 16 Rl IE
Wi S A, AR 5 LR 0.717~2.184mg/L).17 Bl TP $5 7335
B HEE. FEEE. 2HWEE. HEE 4
g G R (B FE A 0.182~0.260mg/L; H4x 13
Folo oAy 1wy )87 A, B (B S5 L A 0.061~0.480mg/L). 13 i
NH;-N - BB h i g . £F4Ese)s . H A sE.
EIFFSEE . BEEERE . 2 R 6 Bk fum N, e
YO 2 0.188~1.321mg/L; AR 7 Aty i N A, B (¥
B4 0.358~1.792mg/L).15 Flt NO; -N /-5 RE(CH A
FETEEEE . B R 2 Pk A S Y A
0.069~0.133mg/L; Hosr 13 Ffr kg 11 S A, (Ve 1k
0.010~0.269mg/L)(F% 4~7,1K 5). 1858 12 J5 7 B
F A L TN B IEma S B{E R 1.054mg/L, TP
(R TE MDY B4 0.108me/LNH;—N ) 1E Wi 3 [ 1
0.40 Img/L Al AS 25 R M Y. NO5 —N 5848 515

F4 TITAN 547 TN $57R 4% R B a7 B8
Table 4 TITAN results showing indicator species and their

concentration thresholds of TN

JE4 Env.ep(mg/L) Freq Maxgrp purity Rel05
WAESE Microcystis 1.054 200 + 1 1
14l 3 Anabaena 1.486 115 + 1 1
thit i Pseudanabaena 1.054 150 + 0.998 0.994
Wiy Oscillatoria 1.715 113 + 0.994 1
Ji5 3 Phormidium 1.992 37 + 0992 0.992
SUFEEE Oocystis 0.995 84 + 1 1
2238 Ulothrix 1.717 34 + 099 0974
WP Micractinium 1.835 45 - 0972 0974
= B Coelastrum 1.083 56 + 0.996 0.998
SIEE Schroederia 2.184 112 + 1 1
B A Closterium 1.845 44 + 0998 0.994
A< Chlamydomonas 1.506 98 + 0.994  0.998
VUKL Tetrastrum 2.007 40 + 0.994 1
SEEkEE Pandorina 1.726 53 + 0978 0.954
HHEEE Melosira 1.570 133 + 0986 0.998
/NIREE Cyclotella 0.717 198 + 1 1
WS Cymbella 1.602 69 - 0986 0982
XE B Amphora 1.413 19 - 0978 0972
¥ Euglena 1.638 130 + 099 1

VEEnv.cp: SR 0 N B, Freq: 2B HEBARIA, Maxgrp: Wi Y. (1) )5
lf] = R G R, <+ R TE WA R Purity: [ 28 BEARE P 5828
SRR 1) 5 T ARS8 (47 ) — B0 Ee A5 Rel0S:7E0.05 1)tk 2%
PEACE R B2 RE I T SR, R I

&5 TITAN 547 TP 45 R4 K HAa 5 S (&
Table 5 TITAN results showing indicator species and their

concentration thresholds of TP

&% Env.cp(mg/L) Freq Maxgrp purity Rel05
WEHE Microcystis 0.108 200+ 0974 1
105 Anabaena 0.281 115 + 1 1

S

JE4 Env.cp(mg/L) Freq Maxgrp purity Rel05

Dt [l Pseudanabaena 0.192 150 + 1 0.994

BLIEBE Pediastrum 0.097 166 + 0.99 0.972

i Cosmarium 0.298 48 + 0.958 0.982

T Chodatella 0.184 25 + 0992 0972
Bt H ¥ Closterium 0.229 44 - 0.98 1
SEEREE Pandorina 0.185 53 + 099 1

LB Actinastrum 0.260 15 - 0.996 0.998
WekF# Fragilaria 0.314 28 + 1 1

H4EWE Melosira 0.103 133 + 0988 0.996
/NEREE Cyclotella 0.061 198 + 0998 1
ZEJVEE Nitzschia 0.178 128 + 1 1

R Cymbella 0.480 69 + 0988 0.986
YR EE Cocconeis 0.189 109 + 1 1
% W EE Peridinium 0.189 78 - 1 1
B Euglena 0.182 130 - 1 1

%6 TITAN 5347 NH;-N #5400 & B0 52 {8
Table 6 TITAN results showing indicator species and their
concentration thresholds of NH;—N

&% Env.cp(mg/L) Freq Maxgrp purity Rel05
THHEBE Microcystis 0.401 200 + 0978 1
IR Chroococcus 1.390 10 + 0.96  0.97
thfa i Pseudanabaena 0.358 150 + 0.994 1
Hi# Oscillatoria 0.358 113 - 0.99% 0974
YNBEHE Oocystis 0.890 84 + 1 099
LT YERE Ankistrodesmus 1.206 105 - 0.99 1
HZF #: Selenastrum 0.401 97 - 0984 0.962
53 Schroederia 0.681 112 + 0.998 1
AT Synedra 0.188 107 - 0.996 1
BB Melosira 1.321 133 - 0992 0.998
38 Navicula 0.632 88 + 0.954 1
5 Gomphonema 1.792 84 + 0.978 0.982
% FE Peridinium 0.297 78 - 0978 1

%7 TITAN 5347 NOy -N 57~ # & EHMn 57 5 {E
Table 7 TITAN results showing indicator species and their

concentration thresholds of NO; -N

JE4 Env.cp(mg/L) Freq Maxgrp purity Rel05
W22 3 Aphanizomenon 0.255 53 + 0.972  0.99
Wi Oscillatoria 0.084 113 + 0.994 0.992
JiEBE Phormidium 0.197 37 + 0 09% 1
I Quadrigula 0.087 16 + 0998 0.976
I Kirchneriella 0.133 37 - 0.984 0.952
4234 Ulothrix 0.235 34 + 0998 0.992
ERPEBE Sphaerocystis 0.041 22 + 0.974 098
LB Coelastrum 0.197 56 + 099% 1
Wi H#E Closterium 0.010 44 + 1 1
VU #: Tetrastrum 0.192 40 + 1 1
L5 Actinastrum 0.269 15 + 0984 0.988
B Melosira 0.197 133 + 0.998 0.996
/NIREE Cyclotella 0.080 198+ 1 1
RUEEE Amphora 0.069 19 - 1 1

¥ Euglena 0.063 130

+
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Fig.5 TITAN results showing significant indicator taxa
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[E TR AT T RDA 43 BT (1 45 R B IR 5 5
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A2, A3, A4(JE UK ) BRI BT B3y
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NH;-N. NO; -N. NO, -N XfM-4¢% a. FEHHE
TURE TR JE T I 46.3%, R TN S e EEE R T,
MR 36.4%, NH3;-N. NO, -N it )% 43 il 4
8.1%711 1.8%. Pearson AH K737 (1) 45 LW, TN ikt
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