J. Lake Sci. (#1:a4+5),2025,37(6):2173-2188
DOT 10. 18307/2025. 0632
© 2025 by Journal of Lake Sciences

ETEEENENEEEEYNSERRTEMESREERITN:
AR R &Rt A )

) ,fﬁl,Z,} 3 %1,2,3 , j#? @(ﬁl,z,s ’ i }?1,2,3 TR ﬁkl,z,s ’ Z 5 /:!51,2,3 g %l,z,w« ,

s21,2,3

PN
(1 PHRBOR 27 R S FRR A B, 35 70 JE 5 TR A B R G54 =, g™ 850000)

(2: VYRR LEASTREE B , IR 22 - 2 T8 A= A5 R ¢ B X PSRRI 5 0 , BB 850000)
(3 PYROR AL A ERE 22 Bt , T I L W) e 5 A A PR R A B T A 2 i S 3 2, L% 850000)

O SN R R OB B AT, 0 AL S RGBT PR A B T A T P 2 BPRR 0 R RO Y PR3
o SRV IR B I BT AE S R HER S R SR IR B T C R, T 2021 48 7 A (H ) (10 J (K ZFE)
2022 45 H (FF) 7efi Gt I 2K R RE PR A RLYIRE AL 7 DI 2 /K BRI 1, 4 % P Ui AR W W R o 1 B F L i = 2
A=Wk B PRI YIE S S RERE (MBEG) K s £ (WOL) FIF WA ) A 9y 58 S MEFE B ( P-1BY) PR %R o 2 25 R e f
BERES , 43K B BT 25 DI RE R A B 28 A3 A RRAE , R0 T P-IBL(H 5K R BB T IAR G OC R . S5 ER T (1) 35T WQI
EIEAT, PLER MUK LSO RIF ~ P& KA 25 28 5, B FRIF TR Z T mE, KBTI, (2)
ET P-IBU{EPPHY, F it 3 A F 15 B AR R A SR RN “ R ~ AR R , BT K AL BRI TR F A %,
FAHIORE mi 3 O TP R AR AN AR AL AR, (3) P-IBIE S WOI fH 2 B F M IEAHC R, JE T P-IBL M i 830k £ 75
HEHERS S WQITEM 45 RAA — B, B AR BB R K A SRR S 1 RZOK A 7, SO/ K A 8l
A1 ) PSS B R 37 65 1 3 K B RR A MRS N B 2R N K o (4) TRy 1A T2 2 e dhe =F B2 B
KA A AR DU R T b, B R Ak A A AR B0 5 B = B AR Al O AR, K2 TR VIS S e A = 1Y
SIS K AR A A AR DU R T R AT 225 5K

SRSEIR): L 5 PRI A My 8 B VAR RIG S I RERE s AR B A A S (R RO

Health evaluation of alpine urban wetland ecosystems based on phytoplankton biointegrity
index; A case study of Lhalu Wetland in Lhasa”

Liu Ao'??, Wang Chen'””, Han Mengjia{ol'z’3 , Peng Qiongl'z’3 , Wei Peipeil’z'3 , An Ruizhi'*”*, Ba Sangl’z'”*

& Liu Yang'?****

(1: Laboratory of Wetland and Catchment Ecosystem in Tibetan Plateau, School of Ecology and Environment, Tibet Universi-
ty, Lhasa 850000, P.R. China)

(2. Nagqu Mitika Alpine Wetland Ecosystem Field Scientific Observation and Research Station in Tibet Autonomous Region,
School of Ecology and Environment, Tibet University, Lhasa 850000, P. R. China)

(3: Key Laboratory of Biodiversity and Environment on the Qinghai-Tibet Plateau, Ministry of Education, School of Ecology
and Environment, Tibet University, Lhasa 850000, P.R. China)

Abstract: Urban wetlands play an increasingly crucial role, and the health assessment of their ecosystems is an important process
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that helps us understand the current condition of wetlands and take appropriate protective measures. To explore the ecological
health status ofthe Lhalu Wetland and its relationship with water environmental factors, phytoplankton samples were collected and
water environmental factors were measured in the main water systems of Lhalu Wetland in July ( summer), October ( autumn)
2021, and May (spring) 2022. Phytoplankton species were identified, and their cell abundance and biomass were calculated. The
ecological health status of the wetland was evaluated using the morphologically-based functional group (MBFG) , water quality in-
dex (WQI), and phytoplankton index of biotic integrity (P-IBl). The spatiotemporal distribution characteristics of water quality
and morphologically-based functional group, and the correlation between P-IBI values and water environmental factors were ana-
lyzed. The research results showed: (1) Based on the WQI values, the overall water quality of Lhalu Wetland was evaluated as

«

“good” to “moderate” with spatial and temporal variations in water quality: it was best in spring, followed by autumn, and worst
in summer, and the eastern part was better than the western part. (2) Based on the P-IBI values, the overall water ecological
health status of Lhalu Wetland across three seasons was evaluated as “health” to “sub-health” , with the spring water ecological
health status being superior to autumn, which was superior to summer, and the central-eastern sampling points were generally supe-
rior to the south-western and north-eastern parts. (3) The P-IBI values showed a significant positive correlation with the WQI val-
ues, and the evaluation of the water ecological health status of Lhalu Wetland based on P-IBI was closely consistent with the results
of WQI evaluation. Dissolved oxygen was the main water environmental factor affecting the water ecological health status of Lhalu
Wetland, and temperature, water volume, human activities, and land use types were important factors affecting the water quality
and water ecological health status of Lhalu Wetland. (4) In spring, the abundance of functional groups [ and Il increased as the
water ecological health status of Lhalu Wetland declined. In summer, the ecological health status of the water body had little rela-
tionship with the changes in the abundance of functional groups. In autumn, the increase in the abundance of functional groups Il
and VI was significantly associated with the decline in the ecological health status of the water body.
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ecological health assessment
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Fig. 1 Distribution of sampling sites in Lhalu Wetland
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Tab. 1 The relative weights (P;) and the normalization factors (C,) of parameters

WQI = (1)

- AT AL IH—fLEF(C;)
ARt
() 100 90 80 70 60 50 40 30 20 10 0
pH 7 7~8 7~8.5 7~9 6.5~7 6~9.5 5~10 4~11 3~12 2~13 1~14
EC/(uS/cm) <750 <1000 <1250 <1500 <2000 <2500 <3000 <5000 <8000 < 12000 >12000
DO/ (mg/L) =75 >7 6.5 >6 >5 >4 >3.5 >3 >2 <l <1

TDS/(mg/L) <100 <500 <750 <1000 <1500 <2000 <3000 <5000 <10000 <20000 >20000

1
1
4
TUR/NTU 2 <5 <10 <15 <20 <25 <30 <40 <60 <80 <100 >100
2
NH;-N/(mg/L) 3 <0.01 <0.05 <0.1 <0.2 <0.3 <0.4 <0.5 <0.75 <1 <125 >1.25

1.4 P-IBI iEf ik R B
FLF P-IBI #4 i R B FE S IR 5 5 2 WS W0 i FR BRI 1% | P-IBL F5 5033 f ik RA

L4 1 5% B LSRN BRIy 05k , Gt RSTS84 5 Y ST % BRI, 16 5%
NS TR RN, B WQI KT 80 1 AV g 2 B, HoAR s AV Jg 2 40 2

1.4.2 FHFeAr i fite  7ES MR P-IBI AL SCHFSE ML al B 107 25 B AR 58 vh R 6505 i 10 17 B AL T VR A
iF AT i A T HPE IR /K A ASERBEAS AL B b SRR 28 NSRRI B HUE g P-IBT I 5 R (£ 2) o
SEHEAT TR AR 2 A Y8 BT, Ge i F R bR S B I A0 AT L, 3 95% 511K O WS4 43 3l Bl /s
PARCE it KA FE AR, SEAT BIR o SRS AT HUNRE F1 30T , X TR FEARAE S5 SR 3240 05 1 o0 AR e 1R

B (AP RLRAAEXS T RIRN ,1Q =2 AL — AT LA X F R YE I Z N, 1Q =1, #4545 | v or e #8464 7 46
HIEEZN,IQ=0, X 1Q = 2 MRIES AT Pearson AHIHEAHT, AT B SECZ B AR B 1 >
0. 75, WA R %A SR AE AR I, I M 2 1L P {3 BRI — A S o i A M 207 I 1 7R
AR SR RIE W R P-IBL EM R & BB O F5 85

1.4.3 P-IBI 35 4kt it B Fufk R M P-IBI & UoAE AR 9 20 (B30 R FUAELRE T, X P B | (i bk
INHISEL, AR B A AT SE PR S BUERE LT A S S BB ) 95% A8 X F T Hidins BUE R S
B, AT SRS EUER 5% A0 50 R B S T PR B A0 = (R ME - A S S BB E ) /
(B RAE - T A ERE) o 45500 P-IBL 8 80 45 T S A8 B E 2 M, #2218 B kit AT S 80U E T
B AMEMARTE O~ 1 2Z 8], UNRME R T 1 SE 19 o 55 A2 B P-IBT $0{E 315 19 25% 230 504 o fek
FRVEA AR , % /N RS (R A o0 A 8 B AT DU S5 43, 20 AR W e — M7 g 22 e il 227 4
NER



A OBEF A TE RN AS T ERRBNFHERTRBAES ZAAREITN A FEGRRAHE 2177

2 PIER AL P-IB ki b KXt T4IC i) U R 1)

Tab. 2 P-IBI candidate metrics and their expected directions of response to disturbance in Lhalu Wetland
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Fig. 2 Spatial-temporal distribution of WQI values in Lhalu Wetland
(a;spring; b:summer; c:autumn; d;seasonal mean)
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% 3 BRMEEARIRAY Pearson FHICMHT
Tab. 3 Pearson correlation analysis of candidate indicators in spring
M5 M6 M8 M9 M14 MI16 M17
M5 1
M6 -0.771 1
M8 0.937 ™ -0.707 ™ 1
M9 0.770 ™ -0.971™ 0.634™ 1
M14 -0.576™ 0.757™ -0.498 ™ -0.752" 1
M16 0.753™ -0.488 ™ 0.753™ 0.461™ -0.535™ 1
M17 0. 566 -0.719™ 0.493™ 0.712™ -0.996 ™ 0.547 ™ 1

#x 2678 P<0.01,

SFLIRER T1 4% | SEARRRE” AEG O RE A5 7 28. 6% 5 Bk, 42 SRR AL P-IBLfEI-F- 3R 1. 98, (RS
SRR R o AT AF AR i T6. 2% LA RE T AR AOAE R 210 4%, — R ARSI RE R
2.4% o BEAK BB PUERH A AR FORZE N R ~ AR, N 3 A FET P8y P-IBLEE , F KR
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# 4 HFWEEARARIN Pearson AHE /M

Tab. 4 Pearson correlation analysis of candidate indicators in summer

M2 M5 M8 M11 M16 M21 M25
M2 1
M5 0.576 ™ 1
M8 0. 303 0.929 ™ 1
MI1 0.971™ 0.571™ 0.304 1
M16 0.265 0.793 0.819 ™ 0.304 1
M21 0.533™ 0.572* 0.399 ™ 0.435™ 0.256 1
M25 0.177 0.746 ™ 0. 804 ™ 0.183 0.839™ 0.426™ 1

#x R P<0.01,
% 5 TKFEWETR R Pearson A1 H7

Tab. 5 Pearson correlation analysis of candidate indicators in autumn

M14 MI15 M17 M20 M23 M24 M26
M14 1
MI15 -0.788 ™ 1
M17 -0.974™ 0.817™ 1
M20 -0.489 ™ 0.286 0.387" 1
M23 0.916™ -0.642* -0. 866 ™ -0.464 ™ 1
M24 -0.782™ 0.827™ 0.749 ™ 0.461™ -0.816™ 1
M26 -0. 869 ™ 0.641™ 0.887™ 0.325" -0.943 ™ 0.767™ 1

=% 578 P<0.01,
32 6 BT P-IBI 43{H MR8 18 Hi f R 1F M S5 A v
Tab. 6 Health assessment grading for the Lhalu Wetland based on P-IBI
% 2= %= — % Ak fd g

P-IBI <0.43 [0.43, 0.87) [0.87, 1.30) [1.30, 1.74) = 1.74
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Fig. 4 Screening results of candidate indicators(a:spring; b:summer; c:autumn) and

ecological health assessment results in the Lhalu Wetland (d)
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Fig. 5 Correlation between P-IBI values and water environmental factors, WQI values in the Lhalu Wetland
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Fig. 6 Correlation between P-IBI values and MBFG of phytoplankton in Lhalu Wetland
(a; spring; b: summer; c: autumn; * P<0.05, s P<0.01)
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