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Abstract: The Yellow River has supplied ecological water to Wuliangsuhai Lake for over 20 years. To analyze the structural
characteristics of the phytoplankton community and its response to ecological water supplementation in Wuliangsuhai Lake, nine
monitoring sites were established during the summers from 2020 to 2023. Phytoplankton composition and physicochemical water
parameters were monitored, and historical data were integrated to analyze responses to ecological water supplementation. A total of 131
phytoplankton species, including morphological variants, from seven phyla were identified. Bacillariophyta exhibited the highest species
richness, followed by Chlorophyta and Cyanophyta. The absolutely dominant species (dominance > 0.1) were Pseudanabaena sp.,
Merismopedia sp., Merismopedia punctata, and Cyclotella meneghiniana. Twenty-six functional groups were identified, with A, D, H2, J,
Lo, MP and Y being the dominant ones. The dominant functional groups in Wuliangsuhai Lake changed from A, D, J, L,, MP and Y
(2020) to A, H2, L, and MP in 2023, while the absolute dominant functional group changed from MP to L,. RDA results indicated that
total nitrogen (TN), water temperature (WT), and ammonia nitrogen (NH;-N) were the primary factors shaping the summer phytoplankton
composition. Since the implement of ecological water supplementation, water quality in Wuliangsuhai Lake improved from below Grade
V to Grade WV (Environmental Quality Standards for Surface Water (GB 3838-2002)), while in summer phytoplankton density and
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biomass decreased by 82.63% and 84.90%, respectively. Although these changes indicate mitigated eutrophication, significant

eutrophication risks remain. This research confirms that ecological water supplementation effectively reduces pollution while enhancing

the ecological functions of phytoplankton in Wuliangsuhai Lake.
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points in Wuliangsuhai Lake
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Table 1 Tempral variation of water quality indicators in Wuliangsuhai Lake in summer from 2020 to 2023

Ay TN JE/(mg/L) NH;3-N¥#& & /(mg/L) TPH & /(mg/L) CODMn ¥ /(mg/L) COD¥ JE/(mg/L) DO /(mg/L)
2020 0.97+0.07 0.25+0.02 0.02+0.01 4.5620.47 35.4+1.78 4494091
2021 0.87+0.03 0.69+0.03 0.0120.01 4.69+0.50 24.5+1.67 5.80+0.73
2022 1.12+0.20 0.19+0.03 0.02+0.01 3.64+0.52 16.3%0.80 5.7240.47
2023 1.2240.09 0.45+0.03 0.03+0.01 3.51£0.13 19.0+0.48 6.32+0.34
Gy TDS#JE/(mg/L) Cond/(uS/cm) pH WT/C WD/m

2020 1 384.40+154.20 1 962.60+£220.10 8.79+0.09 21.10£0.15 1.0240.17

2021 1 869.80+148.30 2923.20+218.60 8.78+0.11 24.70+0.19 0.97+0.15

2022 1991.30+190.10 2 966.90+274.30 9.08+0.10 23.80+0.48 1.41%0.04

2023 1 998.00+192.30 1 987.60+263.80 9.02+0.07 24.50+0.27 1.3240.12

FE T B s SR X He A, AR S AR R B R
WA 2 V2R T E IV (GB 3838—2002), 7K it
RO BUFs% . 2R 2005 F LIS AMKE K R 5

IKFFEARBACTNE 2 Ffs . AR S A KIS 5 3 KR4
EIRHA E R 2 —, HAMKS R RET 438 3 4
BB : D2005—2013 4F- 57 45 2514 BR ], 4F- 34 A= 25 %
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Fig.2 Temporal variation of ecological water supplement amount and water quality in Wuliangsuhai Lake
from 2005 to 2023
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Fig.3 Chord diagram of variation in phytoplankton proportion in Wuliangsuhai
Lake in summer from 2020 to 2023
R2 20202023 FEFERRFFIFENA BTN
Table 2 Temporal variation in dominant phytoplankton species in Wuliangsuhai Lake in summer from 2020 to 2023
RFE(Y)
] il
20204 20214F 20224 20234F
Phfi it BE(Pseudanabaena sp.) 0.523 0.134 0.073 0.135
2438 (Merismopedia sp.) 0.184 0.404
W BR38 (Coelosphaerium sp.) 0.072
W
WIEF-ZLEE (Merismopedia punctata) 0.121 0.465
111 JFE 3 (Anabaena sp.) 0.056
LA B (Oscillatoria chlorine) 0.066
HF e/ NREE(Cyclotella meneghiniana) 0.191 0.142 0.036
TR REFFF#E(Synedra acus) 0.023 0.074
NI (Cyclotella sp.) 0.034
] Wh I BB Cryptomonas erosa) 0.048 0.077 0.024
L] VU I (Scenedesmus quadricauda) 0.024 0.069 0.025

1 h iR (Pseudanabaena sp.) 78 2020 4F | 2022 4E 1 2023 4F 9 A~ Wil 5 359 0 O 35l , AW (£330 20 W 5 R A 5 b o

BEAr A 4.5%10°, 4.8%10°, 2.6x10° F1 3.3x10° cells/L,
SE34 A2 W) 4y R 445, 577, 10.68 i1 2.01 mg/L.

MAEFRASAL R TR, 2 322G PRI ) 28 B A ) i 3
SN A i i #E R, 2022 AR R R TR, 2023 4
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Fig.4 Changes on phytoplankton density and biomass in Wuliangsuhai Lake in summer from 2020 to 2023
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1.62~1.94 2 [A], Margalef 3= & £ 48 £/ 1.29~1.61 Z
6], Pielou ¥ 24) FE 8 BUAE 0.53~0.62 2 [il, 3 48 BAE
EPRARAE b 22 ¥R W3 (W3R 3). #R4E Shannon-
Wiener Z 1 8 BUA K AR TS QP4 S5 90, SRR
IR BT AL T - rh BE TS GRS (1<H<3).
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Kruskal-Wallis IESHH0I04 R
Table 3 Results of Kruskal-Wallis nonparametric test for

phytoplankton diversity index in Wuliangsuhai Lake in summer

from 2020 to 2023
WiH Shannon-Wiener Margalef Pielou
; EZEE G FRERE WS
20204F 1.82 1.51 0.54
o 20214F 1.75 1.72 0.55
R

20224 2.11 1.45 0.68
20234 1.66 1.28 0.60

Giit e HIE 5.408 5.362 3.985

p 0.144 0.147 0.236
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47.3% [% 2 5.4%, Lo IR fF A= W i o5 L U A 34.0%
THZE 69.3%.
3.5 IR RIVRIEAL ) Y RE R Y 52 A

2020—2023 4 5 2= 5 QR 220 PR A ) B R L AR
Wy N A W48 B0 P51 Pearson A e M 43 BT
WE 5 7N, TR A A 1 o R 28 P 35 5 TN W B
WT & i & 1F 40 ¢ (p<0.05), 5 WD & W # i #H 56
(p<0.05), NH;-N ¥ £ 5 7% i #2% Shannon-Wiener £
FEVE 45 B Pielou ¥4 2] J& 45 0 4 &2 W 3 51 A G
(p<0.05), R LA LI N 2L R = 5 B R H 25
TR AR . IR IFAEYI N B R K E, A4
Py R R A ARG, A S 2 R B I
I (9<0.05),

RGN R TR IR I D RERE A5 ), SRR T
AP ADIREREN B AT RDA TR (WLIA 6).
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Table 4 Composition of phytoplankton functional groups in Wuliangsuhai Lake in summer from 2020 to 2023
ZhRERE &R A BEFHIE

A JNERBEJR (Cyclotella sp.) TUESE . W K

C FATHESE (Asterionella sp.) B h/NIK R

D BT R (Synedra sp.) . 25 1%3)8 (Nitzschia sp.) HHER. E

E HELES IR (Dinobryon sp.) PUEFR BRI IR K

F INBERIE (Oocystis sp.) . MIRBEIE (Dictyosphaeria sp.) R ESR W RA

G SZER#EJE (Pandorina sp.) LN VRN

H2 fa i3 )8 (Anabaena sp.)

RPEFR, oK. Ll

VUi 35 ) (Fetraedron sp.). W)@ (Scenedesmus sp.). + ¥ J8 (Crucigenia sp.). 52 H )&

J (Actinastrum sp.), =5 234 )& (Coelastrum sp.). VP& (Tetrastrum sp.). 2 H)E

(Pediastrum sp.)

BETE A HOK

K [ BRE JE (Pediastrum sp.)

WE TR

Lm £ B 5B (Ceratium sp.). ERTEJE (Gomphosphaeria sp.)

R EE SR /NDKIR

S-543 8 (Gymnodinium sp.). FISLFE & (Pinnularia sp.). 2 W ¥ & (Peridinium sp.). (EREE

L,
0 J&(Chroococcus sp.)

FREE SR PEIREDKAR, ATGAE

M T S8 (Microcystis sp.)

ANEIRL
Di)s e

Pl fi JJE 38 & (Pseudanabaena sp.) . B¥25 & (Cymbella sp.)., 1438 (Eunotia sp.). FHE#

MP J& (Navicula sp.). Y 3% (Cocconeia sp.). M5¢#: & (Achnanthes sp.). W2 5 & (Surirella

sp.). 41T P& (Stauroneis sp.). B & (Oscillatoria sp.)

X R ) N LR NV

N BB (Cosmarium sp.). 1 B SBE)R (Staurastrum sp.)

RE SR R B A KR

NA T84 3 & (pondylosium sp.)

PR IR HOK . ARLEE X

1 A ¥ 8 (Closterium sp.). HLA%# B (Melosira sp.). Wk & (Fragilaria sp.) . % K58

(Diatoma sp.)

HOLIE, FREE R R AR

S2 e ) (Spirulina sp.)

IR A Bk

SN /NI B JE (Raphidiopsis sp.)

. RE

T AT R (Mougeotia sp.) . F-EXHJE (Quadrigula sp.)

RE TR IR A K

TD 243588 (Ulothrix sp.). /K4h5 )& (Spirogyra sp.)

HESR. Bk SN S | A UUKEY)

LR (Gonium sp.) . BRI & (Euglena sp.).

Wi it BB (Phacus sp.)

AHLTEYE ., Hok

w2 FE YRR (Strombomonas sp.) . FEARVEJE (Trachelomonas sp.)

i, Wk

X1 1Y & (Ankistrodesmus sp.) HEEE Wk

X2 A<HE & (Chlamydomonas sp.). W35 & (Chroomonas sp.) TR EE TR K
X3 A BCHEIE (Gyrosigma sp.) BT RA K
Y [ & (Cryptoptomonas sp.). HiH #8 (Glenodinium sp.) HR IR

SRR, 1 R 2 3 R RE T 28.919% il 20.99%
(PRI I B D REAE 5 IR BRI 7 2Z (Rl 9 O R A5 L,
T L 10 MR 5 5 R J 2T Y A
AL R Y] . TN JLF- X BT D) 68 0 2% B 1
R IE AR, WT X T F L, D RERE ) 2 3 e 2]
B IEAER, NH-N XF A, D FlY DIReie e Bk i

FEIEMAEH, TP 1 CODy, S TIRERE AL Lo. MP 1Y
WAL IEA K Z, WD 58 D LIS BT A SRk
FER A MR SR Y BB KR,
TN. WT 1 NH;-N & 52 W £ 32 2215 5 2= 77 i A ) )
REHE 22 S MY B35 D1 (p<0.05), Hofifk B B2 53 51
29.3%. 18.1% Fil 14.5%,
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