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Abstract: In order to understand the spatial and temporal distribution characteristics and driving factors of the phytoplankton com-
munity in the Lhalu Wetland of Tibet, qualitative and quantitative samples were collected in the main water systems of the wetland
in July and October 2021, and May 2022. A total of 126 water samples were collected to explore the species composition and diver-
sity in different seasons and habitats, providing basic data for the study of the ecosystem and sustainable development of the Lhalu
Wetland. The results showed that: 1) A total of 532 species of phytoplankton (including varieties and variants) were identified,
belonging to 8 phyla, 13 classes, 36 orders, 74 families, and 130 genera, with a species composition of bacillariophyta-chlorophy-
ta-cyanophyta; 2) Significant differences were observed in the characteristics of the phytoplankton community parameters among
different seasons and habitats. The Shannon-Wiener diversity index of phytoplankton community in the summer was significantly

higher than that in the autumn and spring, while the Simpson dominance index was significantly higher in summer. The Pielou
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evenness index of phytoplankton community in the autumn was significantly lower than that of the summer and spring. The Margalef
richness index of phytoplankton community in the spring was significantly lower than that of the summer and autumn. And that in
marsh habitats was significantly higher than that in wet meadow habitats. 4) Season was identified as a key factor influencing the
differences in planktonic algae community composition, followed by habitat. The distance decay pattern was more pronounced in
summer than that in the autumn and spring. 5) Significant correlations were found between different phytoplankton community pa-
rameters and environmental factors in the Lhalu Wetland. 6) Spatial factor made a significant contribution to the variation of the
phytoplankton community, while fast-changing water quality variables played a crucial role in determining the seasonal variations of
phytoplankton. The explanatory power of season and slow-changing water quality variables was relatively weak but still exerted cer-
tain influence on the variation of the phytoplankton community.
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Fig.1 Distribution of sampling sites in Lhalu Wetland
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Fig.3 Spatial-temporal changes of phytoplankton community characteristic parameters in Lhalu Wetland
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F 1 TUARII MR 1 AN A I S W R A AR 7 5 2 2 (R R PRI AN 02 AL A4 5 T IR AR G SE 2

Tab.1 Partial correlations between phytoplankton community and season or spatial in combination

with fast and slow after controlling for each other’s effect by redundancy analysis

ARt VES Pa ARt Vg PH
P 2T il 22 )
2] 0.1807 0.001 A 0.0883 0.001
25 ] + e 0.2175 0.001 AT+ 0.1251 0.001
2 ] + 218 0.1928 0.001 T+ 0.1179 0.001
25 [l +Hek + 218 0.2289 0.001 A+ P+ 2B 0.1366 0.001
Tl phek i 2 4%
A 0.0217 0.001 A 0.0878 0.001
TN+ 0.0353 0.001 Z 45+l 0.1274 0.001
25 ] 0.1745 0.001 25 [H] 0.1751 0.004
25 [l + 2218 0.1857 0.001 2 i) + e 0.2778 0.001

a P 2T AR5 B T AR i (nas () | HROs A G 1AL it K S B ) b 32 05 AR 9 )R IR I, 2 000, © BB . 4

il 25 1] 7 R A B (NS PR A 2 0 A ) 7K AR o ) X 7 AR R 7 RS2 e, 2 1) 2800, © BB o DR < R

Lﬂl’fjﬁﬂ}j/kﬁ/ i, B ECTDS Salt \WT DO 1 TUR ; 2218 : Ze48 72 (L iy K B8 fat, /) pH 1 NH,-N s 280 Pl - 2 4kRR T 1R
HASE K AR BRI N8  CHERR T S8 ALK AR B A AN

TDS #1 DO ¥ JEHXT#AK, TUR 76 B 22 i 28 T/ 2, 3X T BB 2 fh T 5 22 K 44 vl B 0 0K 0 17 385 o 5 3
Wy A, pH AT NH,-N Sy 2508 45 k1) K T A4S /E—Utfllmr;&d\ﬂéwﬁﬁrﬁ% XAl g T pH 4
A1 NH,-N 32 31 HoAb P2 05200, G0 AR TP AR A4 9B 1) A2 S 0 45 , R 32 S A5 2T AR A i) LR
MAESE 1A ,EC.TDS Salt \ WT TUR 1 NH,-N 72 [6] A= 555 22 (A1 A 1835 22 5, 3 AT A 156 IH 3¢ 6 7K i A
AR R A B R AR BOIRBUAR L. SR, pH B 26 KRR B A B8 rh 3 TR R AR B, ol e 5 R IR A=
BB - S P R B 2R S o K R i £ 8 ELA R A A HILT e R ) SR A S D (Rl
AR B R AL B S 340, AT A pH (B R o iV R AE B8 ELA 4 v A LS e NI 1 8P R SR s 7,



X FE BREGRFHEANBES T AR LR AT 411

B AR TR A Q= 4, SBOKIRE pH R, A6, DO FEE /K A 3 rh 3 T I PR A5, 3 T 2 o
IR A B R AR I B A I K AR R T AR A
3.2 FI SR T AR M B O B S AT

P — 2P TR M AR X, A S— 10 AT, 32 AT/ A 15 36 ARG JLRG 14 11
SRR o DRI, BIF S 205 SR R A S I T R 8K 0 L 0 ) 0 TP ML RRE VR 5 MR AIE o AR5 v, S o 1 VR i
Y 532 Fh (FSRIANASED) SRR T 8 1113 40 36 H 74 £} 130 J& , £ T AU 2 AT izl 19 230 50>, %
37 5 2 M 10 T T AL T S T 0 20 A 3, T e I K B 48 0 A T e A 8 Ak, DRI 75 S K 391
TANBFSE o eAh, AR A T8 A S8 rp , SRR P00 R 3 0206 8 O TP R 3 252 IR 2% o T i 3 S A %
SRR PRI e — B A v R , DU AT HLACRIZE S 00T

5 U ) 70 A 0 0 o 2L B EL A T N M 1 3 R EAE , DURE B BT, HE O SR . X
TR R LB R T YA, 1 (RIEFREE T A 24838 B AE 7, T AT LATEAR 5 3R 85 F 2 A7 R I
RT3 4F K IR A (AR YR A P 24K IR 15.34°C) & A Rk B/ 77, X 45 B 3 2452 i
SR AR RIS BT S B, TR U R A B T AR S O AN R Y R [ A B 2 IR A7 A
%5, WY LF, EZBIFW YRS ) Shannon-Wiener 22 FEEHE K 35 5 T-Fk 2 FI% %, Simpson {3
RO R TS . IR R () Pielou WA MU R THEMES, HFRTIFHDBEEN
Margalef =5 B 45 500 A% T 5 AR, 2601 215 ST WA Y REVE 25K HAT — a2 50, T L 75 5 M A ]
RESK IR IR PR I PR R A A 5 L NAESE R, THTR A Margalef =F 57 BEHSH 35 5 T %06, 40
FEPE A=Yt Shannon-Wiener ZFEPEFEEL  Simpson {5 50U Pielou ¥4 FEFEHUas A L 22 B A B, X
AT RE SR [ AR BT K 3h 12 A LA B W S R 4 DR 2 561 o TR A B i LA R v VO B K 4
e BT S A PR A KR BRI B S, DRLIH R WA Margalef = 5 i H5 BOM G s 1 o

AR ZEA RS T TR I RS 2 RATAE B 25 5 (P<0.05) W AR R T ES, KPF
PRI ARL I E A 2 25 S IR DGR 28, HOGE T TP AL TRV 1) B WA R JEE 0, T A 355 TN 28 X0 37 90 A 400 1 9 4

IEEMEAEGT /0N 33 TT R S ph T2 4 48 Ak S B BRI DR A8 A X 37 B AL 1) 2 B R B A T O S B

W, 375 D e S ) A 388 22 10 4 2 S AR XA /1N PR A 358 o 7 W A 00 3 6 2L 0 S IR 538 S e 8 R — 2
N3 T 2 DR R TR PR WA RIS B A5 P B T A R ZE S SRR B B L S B % . PER-
MANOVA 45 5ty S AR WA 78 LA 215 40t B a2 28 S0, ARBIFg v, i 2 7 e o A 7 A 0L
5 4 PR 8 2 1) FLAT S35 B TR DG OE R (P<0.05) , E— A IE I 147 BB 0 7 M e 1 00 s VR W L TR V% v 4
VR, RIFE Hb FRAE B AR BRI T (0 25 1, PRWE R A RE V& 2 A 0 R AR PR AT L 3k — 45 SR S VIV 457
R RIS T RN, 3 2 B B S 2 LR TR A A 2 O, 2 I I ) U B R U S A T
SMASE S S 330 T RS Pl T BRI SR 8 (T A 1, B 2 o o 75 % v P TELBEE I IR R /K 37 25 97 85 PR
TS AL, fo Sk RV G 4% 2 T i S0P W A A D 5 R R, DT R iy HL K R S 7 5 et
IR 788 A Ao 8 3 37 S AR () £ 5 085 3 R A O 7 A FE B TRy TR AR A3 0, 9 M
KA S35 b T, 00 s e 5, e SR 2 B s A R A R S TR AR SR VR R A AR T R R B R
JBe, M T S0 SR WAL 1) A0S R I o Bk R K i T 2 A T/, 3 9 7 37 S e, 30T M S R 2
SHUR YR 0 SR T HE A KA, s T M B R R, BB IR B R TE AR K
PRI SR LA KA . 2, N B K (SR R S B R P i AT K 38 1, 6 3 14 5 37 4 i £
I S A T ARG, TR IR AR AL T S RS LA A KR L X SE R K ] R S BT WA A 7R 23 A b B K
125 5%,
3.3 i B S A R IR B E =

TR RETS A3 A L2 IR R T, HLAR IR K A 25 2 G R0 IR - S BEVE 40 A (9 S it R[]
Mantel K345 20, R IR IR BEVE 280 5 A R 3R 8 IR T 2 A 76 35 10 Gk . AR5 o, R g
1 Margalef 3= 55 EEFE 45 WT 1 DO e Ji7 52 0% 18 35 TE A1 56 (P<0.001 ), 2 BH 7K Jh5L 15 ik 420 ik 2 0 o Py B 5
R ECRI ol R AR R B X AT RE S T WT AL DO YR BE A T 5 4 HE T 2R WAL 14 A K R
PR AR 00 3 B 7 A SR, T AV A O R A R O3S B K PR PP 9 40 24 WT THE Al DO ik Ji7 434



412 J. Lake Sci.(#:aF3) ,2024,36(2)

Tt R RO E VRS R, FEORMP R DO MR . AN, PR EORT Margalef -5 45 Kid 15 EC
I TDS e B B2 AR & 25 IE A DG (P<0.001) , SR WAL 9 EC A1 TDS ¥ B2 G5 ¥ Fh 22 A 1 A= 5 B2 A 384
AR, X R BRI DR 9 EC A TDS Y2 n] B4R AL 1 T 22 137 70 M AR A5 00, TR HE 1 R i A A R 2 e
R BERBE I . A F 25 NH,-N R 52 25 A0 G, SR W0 19 NHL-N & 2 Rl A A o Ui A 00 1) A= 1A
FRHARML T IR AU, HEMTHGIN T P2 WA B0 AR B2, X 2Ol T NH,-N 2K PR WL i — R EHLA,
K FAT L) 20 AN AR DA QI NHL-N e B8 T i 23 At E T2 WA 1) 2R, LD T A9 NHL-N Rt ] 2 5
BT R 5 ik SET-HK IR & #3746 . Shannon-Wiener ZHEMEHEEL S Salt 52 535 405, [F] i) 5
EC F1 TDS ¢ 2 Al 35 ARG, 15 WT SRS B35 IEAH O (P<0.001) , e By (4R B | Fit 5 3RSV A [
AR JBE LA KK ) T 005 AT RE S 3 M e A A ) 2 e, B T R ol T R R AL O M [ Ak v
JEE T B K A P T A BN, BRI TS 2 A SR A R A S AL, MR 1 T DA B B 2 R TR
B b, AR TR AT RERICS K A T B A R, o PR AL ) B4 A TR S A R U TS R U
YR Z AL . Pielou B 2) BEFE XS NH;-N B0 35 (A 5C, 15 Salt S0 0 38 IE ARG, R TR R Y
NH;-N ¥R FEA Salt ] BEL 0 PRI 7R (032 0 B8 LR 2R, T BESE DA DB ) NH,-N B2 n] LA 2 1
oy AL B IAAE Y AR S EOE AR Z 8] 152 4 380, W] e S BOR K I 2 5] BERRAIR . Salt 2520
AR 4 00 T B A S LR D 7 B UK R DO 855 IR SR PRI A K Y . — Sl
Fifoxf Salt f)3E R RE 3 A500, , T AR AT REXS Salt £ BEURY, WyAior Salt iy [l b v] RSB PR e AT R Vi )
WL RE R A . L LTI R PR B A BRI A R 22 P ERSE IR T3 R RO 45 5R

RHTT 225083 (VPA) T3k, BATHE— PRI 1 =05 23 [ PR B PR AL A A G2 45 2 Al K oA 0 7
WERVRETE S A ORI ™ VPA SR, s As BEIE R 1 IR BRI T 1 26.2% IO S AR . 3L
w23 () PR TR R A R A S R R S R T 7.79% HYZAR SR o ik R [ 25 [ 07 B A K SR AT
NIRRT LR 2 B o 25 1) R BT B SR iR 22 57 K gl ) 2 i L R [ 5 4 25 R 3R AN
HAERT, S BORRKSSRAT A R B A 2 R 219 8 T2 1 AP0 A v 722 e R A AR, 508 2.12% , 3R W]
2RS0T AL v 2 S R RUAR XTI BT R PR DA 7F 5 DX 33 14 251 A8 A 0T 7 W R D 1 9 )
SR I , B HAR TS R PR DA 30 Z 0 AR R SR o AR, 24 2= 45 5 R A2 A K i TN 125
AT I, Z A AR T XM ALY 16.97% , R Z= 15 A8 Al 5 PR A8 A K 5L ik PR AR B A PR e A ) 1
Vi I 25 Bl 25 A B, 3 BB P O 2 1 A8 A 2 S BRI B B 25 AR A, BT 7K 3™ A S
PETTRZME T 17 WAL 64 A I R 0

SR RMAI G, FATTHE— 2 Pl 720y s A R PR AR A A G 48 A (K A R, A T
EATIX PR IR AR S TTRR o S S, FE R RN AR , 7 ) B 3 VR A A R A S R
T 18.07% 122 57, SX PR UCHR I 1 23 (8] D B0 A M AV S A SR RO T2k o s TR R T RE 5 R PR 5 22
St KBy AR LR ) 5 4 2 R B LA, S EOR [ K SORAT A ) (9 PR A A A A 4 i 2 )
R , 2245 XU A IR VS AL S B AR R I T3 SR AFAE A N B85 I 17 8.83% Y25 530 =Y
M AT GBS UM O B AR K AR B A DX R O T I PR 3R AL I 4 M 52 U A A0 ) A R B
B o TEFEDRE A A K B B B SN J 2 ] PR3O P i AR A 7 S A 1 17.45% I 2 5, T 3= AU R T
2.17% W 22 5 , R W DR AR A0 0 K 5T PR3- T A B I I AR A 7 B 219 /A e P 0 D B A T 4 () DR R R
TE R 1A 20 A1 Jo EAT S S35 A ) o DR A R K SR k) 32 I W 1 A B S5 90 3l 2 i, SR M TR 2 vk
JEE B S SR AL KPR B A5 | X LA 5 1] BE B P N T WA ) AR A R BRI . A G 1 A K A B
SOMA T, 2T R T IR AR S 00 8.78% T S W] N SR A T IR AR SR 1 17.51% SR g A ) 7K
JoE DR X AR TR 1AL S AT — S O R RE 0, A AR RS AR5 , (ELX P U AL B4 A R R BB A 2 AR R
SREE o DRI, s ) DR SR A A R U R v 2 5 7 T LA A 3 TR bR e A 0 K AR A R T
R 2 1 A A AR o 221 RGNS A8 K BT DR 1 F) i R R 0 AR X 0558, (BT X P T AR D E R 1

A AT SR
4 g

1) 5l M PR AE ) 532 Fh (SR AIAZ AL ) L SRJE T 8 11 13 44 36 H 74 B} 130 J& , Wy A2 A



R FEFERAG R ALY B AT R AR A LIRS BT 413

RPN RESE 2000 - TR

2) PRI TR A Y R TR AR AE SR AR 1 MR R AR S 2 AR 22 5 . AR TR WA RE % 1) Shan-
non-Wiener Z VSR AU 25 = T Ak Z M 2, Simpson {95 B 18 KO 35 0 TRk o Bk 0 Ui A 00 A0 7 11
Pielou # 2] EA MU H R T HFMET . FBRIFIFAEY IR Margalef - af BEHEBUR Z 8T HF MK,
PRSI IF AR ARV 1) Margalef =57 B2 15 K 35 o T 3 i 2R 5

3) ZETT R IR I 5 2H B2 S ) R PR 32, A 5 0 D L 0 T i 2L 10 52 T 505383, R 2 ) B 8 e D
B AT T

4) 1A R ) IR D RS S5 A TR PRIE TR 7 22 18] 7 1 S 25 A G HK

5) 23 (] PR R A Al e 7 0 AL A A 2 57 07 T AT 00 TR, T R A 9 7 o 2 1 PR I W AL 1 2
TR R AR FE T RGN AL K S5 PR T ) R R T AR X 58, (ELATS o 7 30 A0 R 7 07 S A —

SE S
5 Bfx

F32 1 R [ BFRR(DOL: 10.18307/2024.0216) ,
6 &% ik

[ 1] LiZW, Lu HY, Hu XY. Numerical simulation of dynamic water budget in a typical peatland of Zoige Plateau based on MODFLOW and
field in situ monitoring. Advances in Water Science, 2018, 29(5) . 655-666. [ 25, S/, WIBER. #5/K o5 o i HL A I e i 3 K B
SFEASE. ARBLAERE, 2018, 29(5) : 655-666. ]

[2] ZHiE. ZH-RBHE R AR X R AE SR A 2 E [ =0 SC ] Pig® . PO, 2021

[ 3] LinCY, Li XL, Zhang YX et al. Responses of different degradation stages of alpine wetland on soil microbial community in the Yellow River
source zone. Environmental Science, 2021, 42(8) : 3971-3984. DOI; 10.13227/j.hjkx.202011072. [ k3, 245K, sk RS, iR
X e SR PR IR IR S5 AR TR ALY IR L. PRIERLS, 2021, 42(8) : 3971-3984. ]

[4] WangG, Li Y, Wang Y et al. Typical alpine wetland system changes on the Qinghai-Tibet Plateau in recent 40 years. Acta Geographica Sin-
ica, 2007, 62(5) : 481-491.

[ 5] Liang DW, Liu L, Huang CR et al. Effects of macrophytes on epiphytic rotifer species diversity in urban wetlands. China Environmental Sci-
ence, 2023, 43(1) : 255-265. [ JESC, XS, HAERE. IATRMK AR Y I A 50 M REMERY . b IREERLE, 2023, 43
(1):255-265.]

[ 6] JiaSQ, Jia L., Wang SS et al. Zooplankton functional groups and their response to water physiochemical factors in Jixi Wetland Park in Ji-
nan. Journal of Hydroecology, 2023 1-12. DOI:10.15928/j.1674-3075.202209270388. [ Ri-F/r, BTAH, TIMIhAE. BFrE 55 76 b2\ bl
TR D REZERE KX BT R F IR B K AR S 44K, 2023 1-12.]

[ 7] Chen LM, Chen LG, Li TL et al. Comparative analysis of operation schemes for ecological water supply in urban wetland park. Water Re-
sources Protection, 2022, 38(6) ; 162-167, 174. DOI; 10.3880/j.issn.1004-6933.2022.06.022. [ FAZ20], BAMRN, 25420045, ki
O BE A S AN KR BE D7 SR HL AT, K BRI, 2022, 38(6) @ 162-167, 174.]

[ 8] DaiTJ, Wei PL, Pan Y et al. Identification of apparent pollution types and screening of characteristic indexes of landscape water body in
Suzhou City. Water Resources Protection, 2021, 37(2) : 141-147. DOI; 10.3880/j.issn.1004-6933.2021.02.022. [ # KA, #2E N, &
S DRI SRR RS P2 B R RHEA R PRI L. K BTIRER, 2021, 37(2) : 141-147. ]

[ 9] AnRZ, Pan CM, Liu Y et al. Study on the distribution pattern and coexistence mechanism of dominant summering phytoplankton population
in the Basomtso. Plateau Science Research, 2020, 4(2) : 27-36. [ Ziiaks, WM, XIVESE. CUHMRS () E 2R Wi L35 Rh B o A
R R S IAFHUHITTS. mERERTR, 2020, 4(2) : 27-36. ]

[10] Jia P, Fan YW, Lu XX. Analysis of phytoplankton structure based on different functional groups in Hulanhe Wetland. Acta Ecologica Sini-
ca, 2021, 41(3) ; 1042-1054. DOI; 10.5846/sixb201911152444. [ TTMG, Y5050, BhKER. 35T I ABSTESMEIT 2230 1136 H0 3 ekt
WIREE A ARRAE. A2 25740, 2021, 41(3) : 1042-1054. ]

[11] Wang Y, Lin M, Lu CY et al. Phytoplankton diversity in Futian mangrove wetland of Shenzhen: Composition and distribution. Chinese Jour-
nal of Ecology, 2009, 28(6) : 1067-1072. [ £/, A&, y5 8 SCAF. IRINZIMARIBHIF BAAE ) SAEE AR 5 0. RS0,
2009, 28(6) : 1067-1072.]

[12] Chen X, Liu RY, Wang YF et al. Research on algal diversity in zoige alpine wetland. Environmental Science, 2012, 33(3): 979-986.
DOIL: 10.13227/j.hjkx.2012.03.006. [ PR, XA, EHI5F 4. 2 /R 3w R 8 2 2 REE AT 5T, BRIERL A, 2012, 33(3):
979-986. ]



414

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[32]
(33]

J. Lake Sci. (#:a#+3) ,2024,36(2)

Liu LF, Zhou XH, Gao J et al. Phytoplankton community structure and trophic status evaluation in Dajiuhu wetland of Shennongjia Alpine.
J Lake Sci, 2018, 30(2) ; 417-430. DOI; 10.18307/2018.0213. [ Xkkide, JESete, Bfids. dhfe4n A LRI IT WA M BT 25 o
TE BB FRRASTR. AR, 2018, 30(2) : 417-430.]

Zhang NN, Liu YX, Zang SY. Relationships between phytoplankton community in different functional regions and environmental factors in
Zhalong Wetland, Heilongjiang Province. J Lake Sci, 2016, 28(3) : 554-565. DOI; 10.18307/2016.0311. [ 5K[& &, X &%, ML
IR AR D) RE DI A M RV SRR I 0GR AR, 2016, 28(3) : 554-565. ]

Pan CM, Liu Y, An RZ et al. Phytoplankton in the Mitika Wetland, Tibet, China: 1. Spatio-temporal niche of dominant species. J Lake
Sci, 2021, 33(6) : 1805-1819. DOI; 10.18307/2021.0616. [ &hiHE, XIHE, 2Hmadss. VO 1 b A I A —— LA SR il
2 AR AL IR, 2021, 33(6) : 1805-1819.]

Zhu MM, Fan CX, Wu ZK et al. Spatial and temporal dynamics of phytoplankton community structure in Haizhu National Wetland Park.
Chinese Journal of Ecology, 2020, 39(5) : 1501-1508. DOI; 10.13292/j.1000-4890.202005.026. [ ZRBHBH, JEAEHE, ShZ4s4E. WERE
TR TR A RE TR i a2 . RS gRik, 2020, 39(5) ¢ 1501-1508. ]

Li L, Zhao RZ, Qiu XZ. Seasonal substitution characteristics and driving factors of phytoplankton dominant functional groups in Taiyangshan
Wetland. Environmental Monitoring in China, 2023, 39(4) : 133-146. DOI;10.19316/j.issn.1002-6002.2023.04.13. [ Z=3%, #BXER, O
ANER. R L P2 B AR DL 5 R T 9 SRR R AE S IR B (X - 2047 v PR SR E , 2023, 39(4) : 133-146. ]

Guo XF, De J, Long QW et al. Diversity of culturable filamentous fungi and its relationship with environmental factors during winter time in
Lhalu Wetland, Tibet. Microbiology China, 2018, 45(8) : 1661-1675. DOI; 10.13344/j.microbiol.china.170871. [ 5{/NJ57, 5k, Jo ¥y
JEAE. PURRI B IR A A ZE T B FRAOR T 2R RO S BAL IR T ROSC R, BUEY#iB IR, 2018, 45(8) : 1661-1675.]

Ba S, Huang X, Pu B et al. Community characteristics of ciliates and water environment evaluation in Lhalu wetland during summer and au-
wmn. Chinese Journal of Ecology, 2014, 33(10) : 2740-2748. DOI;10.13292/j.1000-4890.2014.0239. [ [ 5%, #:75 , WAF4%. R
HRKTLT B B R OE R KRB SE R AR R2%ik, 2014, 33(10) : 2740-2748. ]

Ba S, Huang X, Pu B et al. Community characteristics of sarcodines and flagellates and water environment evaluation in Lhalu wetlands.
Wetland Science, 2014, 12(2) ; 182-191. [ [, #Fr, J5A5 2. FEG N A HERORE 7 R AE S HOR IR (. MR, 2014, 12
(2):182-191.]

Wang JJ, Tian HX, Zhou L et al. Relationship between diversity of aquatic plant communities and water environmental factors in Lhalu wet-
land. Environmental Science, 2020, 41(4) : 1657-1665. DOI; 10.13227/j.hjkx.201910083. [ A%, MidaE, FHF5. Fra @K e
HVIREA SRV SRR R TR R PR, 2020, 41(4) : 1657-1665. ]

Ba S, Pu B, Ma ZX et al. Characteristics of planktonic algal community in Lhalu wetland of Tibet in summer and autumn. Wetland Science,
2012, 10(4) : 404-416. [ 05, WA, DIE2FAE. PORC SN E AT R U SRR AT, 1A%, 2012, 10(4) : 404-416. ]
Ma WQ, Chen JL, Zhang YQ et al. Indicator species of phytoplankton pollution and water quality evaluation in Lhalu wetland, Tibet. Tibet
Science and Technology , 2023, 45(4) : 13-22. [ Th3CHk , BREAR . WHBSE. THRCRLE LM IR TS HHE R SR FEAPA . PSR
Hi, 2023, 45(4) ; 13-22.]

TERW AR K WOKIRIRAE RS O k. duat: Bl i, 1991,

IBAC. PUREBEISE. HIRE: PR R AL, 1990.

rhERRE BT R R R A B . PR, bt B, 1992.

REL, Brgidh. RS, Juat: Bl i, 2000.

WIS, BLENL. ThEWKERSE . R MRS, JEAT: BlaEdii:, 2006.

Sun J, Liu DY. Geometric models for calculating cell biovolume and surface area for phytoplankton. Journal of Plankton Research, 2003, 25

(11); 1331-1346. DOI; 10.1093/plankt/fhg096.

Hillebrand H, Diirselen CD, Kirschtel D et al. Biovolume calculation for pelagic and benthic microalgae. Journal of Phycology, 1999, 35
(2): 403-424. DOL: 10.1046/j.1529-8817.1999.3520403 .x.

Kremer CT, Gillette JP, Rudstam LG et al. A compendium of cell and natural unit biovolumes for >1200 freshwater phytoplankton species.
Ecology, 2014, 95(10) : 2984. DOI: 10.1890/14-0603.1.

Shannon CE, Weaver W. The mathematical theory of communication. Urbana: University of Illinois Press, 1949.

Belcher PR, Consultant. Measurement of myocardial contractility. Journal of Cardiothoracic and Vascular Anesthesia, 1997, 11(6) ; 812.
DOI:; 10.1016/51053-0770(97)90199-3.

Pielou EC. The measurement of diversity in different types of biological collections. Journal of Theoretical Biology, 1966, 13. 131-144.
DOI; 10.1016/0022-5193(66)90013-0.

Margalef R. Diversity and Stability in Ecological Systems. Upton: Brookhacen National Laboratory, 1969: 13-26.

Oksanen J, Simpson G, Blanchet F et al. vegan: Community Ecology Package. R package version 2.6-5, 2024.

Huang H. linkET: Everything is Linkable. R Package Version 0.0.7.1, 2021.

Lai JS, Zou Y, Zhang JL et al. Generalizing hierarchical and variation partitioning in multiple regression and canonical analyses using the



b4l

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

BRI G IR L B B A A AR R LIRS B 415

rdacea.hp R package. Methods in Ecology and Evolution, 2022, 13(4) ; 782-788. DOI; 10.1111/2041-210X.13800.

Conway JR, Lex A, Gehlenborg N. UpSetR: An R package for the visualization of intersecting sets and their properties. Bioinformatics,
2017, 33(18) : 2938-2940. DOI; 10.1093/bioinformatics/btx364.

Xiao YN, Cheng JH, Mo XC et al. Spatio-temporal variation of phytoplankton community and its relationship with environ-mental factors in
Danjiangkou Reservoir. J Lake Sci, 2023, 35(3) : 821-832. DOI; 10.18307/2023.0306. [ 4 F 4, Fasfte, BBEmS. VT Ok BRI
TMITETS I 28 A A0 R S FRBE R TSGR AR, 2023, 35(3) « 821-832.]

Liu XM, Zhuang DF, Qu R et al. Change of lalu wetlands from 1989 to 2009 based on remote sensing data. Wetland Science, 2013, 11
(4): 433-437. [XIWeE, HRT5, 45, SETE BN K 1989— 2009 4F-Hr &R B AL AT ST MRl , 2013, 11(4) : 433-437. ]
Liu Y, An RZ, Wang C et al. Horizontal and vertical distributions of phytoplankton community during the summer season in the Lake Ba-
somtso, Tibet, China. Journal of Hydroecology, 2023, 44(6) ; 104-112. DOI;10.15928/j.1674-3075.202112170415. [ X3, ZeHmds, £
AR5 VU A B ZR IR A RV (0 20 1. KAk, 2023, 44(6) : 104-112.]

Liu Y,An RZ, Ba S. Ecological characteristics of summer phytoplankton community in a potential construction area of Selinco-Puruogangri
Glacier National Park of Tibet. Journal of Hydroecology, 2022, 43(6) : 51-58. DOI; 10.15928/j.1674-3075.202108120276. [ X, %%
&, O VOROAREE- U E 5 T AR B X TR PR A IS A S RAE. kAR, 2022, 43(6) : 51-58.]

Qian XY, Li JB, Ao W et al. Seasonal dynamics of phytoplankton and its relationship with environmental factors in Lake Hulun. J Lake Sci,
2022, 34(6) : 1814-1827. DOL; 10.18307/2022.0603. [ £RAR, ZE4I%, FOCAE. WARHITR I YIRS 20 38 LI 55 R 71
K. WHARME, 2022, 34(6) ; 1814-1827.]

Xiong LL, Liu JX, Li KY et al. Variations of hydrological connectivity in the eastern bay of Lake Poyang in the last 60 years and its impacts
on wetland plants and migratory birds. J Lake Sci, 2021, 33(1) ; 313-325. DOI:10.18307,/2023.0124. [ fEmN &2, XVEHr, 2505, T
60 473 FH 1 AR B0 ¥ /K Sz AR A S B AR ) 5 10 5 (¥ 5. AR, 2023, 35(1) ¢ 313-325. ]

Chen LQ, Dai SJ, Liu HH et al. A study on the phbtoplankton bog in the western suburbs of Harbin. Natural Science Journal of Harbin Nor-
mal University, 1997, 13(5) : 72-78. [ WFSLHE, MR, XUMERSE. W /RIEPG RO TH A IR ALY, W AR BRI 22 B AR 2441,
1997, 13(5) : 72-78.]

Sun SH, Chen J, Wang PF et al. Biogeographic distribution patterns of diatoms in Lancang River and their key drivers. Environmental Sci-
ence, 2020, 41(12) ; 5458-5469. DOI: 10.13227/j.hjkx.202005258. [ FNEEMS, BRI, M54, I00 V0 VT 7k 56 g b 100 A i =X, 5 S e
IKHFE K. HERE, 2020, 41(12) ; 5458-5469. ]

Wang C, Tao M, Li AM et al. Research on the biodiversity of Qinhuai River based on environmental DNA metabacroding. Acta Ecologica
Sinica, 2022, 42(2) : 611-624. DOL: 10.5846/stxb202007221920. [ TJ, Fid, 28 R4, JEFIREE DNA 2 5B AL H A 19 Z ]
AEMZREPERTTE. AR, 2022, 42(2) : 611-624. ]

Li L, Zhang Y, Chen N et al. Seasonal variations and driving factors of phytoplankton functional groups in the Longfeng wetland, Daging
City. Chinese Journal of Ecology, 2021, 40(9) : 2850-2859. DOI: 10.13292/j.1000-4890.202109.027. [ Z4, k&, T4 RIKTER
TR TR I Y D RS R T A B IR R . A2 4E4kk, 2021, 40(9) : 2850-2859. ]

Bian SW, Wang QL, Han L et al. Phytoplankton community structure in beidagang wetland of Tianjin in autumn. Transactions of Oceanology
and Limnology, 2017, (4): 115-121. [ T/, FRGE, 85, ARG s 10 Bk 25 0 0 AT 00 10F 9 405 A RS AT g Vo W0 VR Sl 4R
2017, (4): 115-121.]

An RZ, Pan CM, Ta B et al. Vertical distribution characteristics of phytoplankton functional groups and their relationships with environmen-
tal factors in Lake Basomtso, Tibet, China. J Lake Sci, 2021, 33(1) : 86-101. DOI:10.18307/2021.0114. [ Z¢Fi&, Wity , EEHi2
A TR A TR A DI RE R R B AR B SRR R TR R AR, 2021, 33(1) : 86-101. ]

Wang YH, Chen L, Niu Y et al. Spatio-temporal variation in phytoplankton community and its influencing factors in Dan-Jiangkou Reser-
voir. J Lake Sci, 2016, 28(5) : 1057-1065. DOI; 10.18307/2016.0516. [ F3AE, R, LFIE4E. FHL I K IR WA PN 25 A5 (L ARAE.
ARk, 2016, 28(5) : 1057-1065. ]

Dortch Q. The interaction between ammonium and nitrate uptake in phytoplankton. Marine Ecology Progress Series, 1990, 61. 183-201.
DOI:; 10.3354/meps061183.

Sun X, Jiang XM, Song GF et al. Spatio-temporal patterns of phytoplankton communities and their driving environmental factors in Lake
Qinghai. J Lake Sci, 2023, 35(2) : 540-556. DOI; 10.18307/2023.0212. [ )%, F/NIH, R WA TR0 IR WAL P BEVE IR 25 4% =)
B HIRERENA T AR, 2023, 35(2) : 540-556.]

An RZ, Liu Y, Pan CM et al. Water quality determines protist taxonomic and functional group composition in a high-altitude wetland of in-
ternational importance. Science of the Total Environment, 2023, 880. 163308. DOI. 10.1016/].scitotenv.2023.163308.

Zhang KP, Delgado-Baquerizo M, Zhu YG et al. Space is more important than season when shaping soil microbial communities at a large

spatial scale. mSystems, 2020, 5(3) : €00783-e00719. DOI. 10.1128/mSystems.00783-19.



MR T FLERAE EAEE
Attached Tab.I Basic information of sampling sites in Lhalu Wetland

ELE] i L)) 4iE (D #k/m B
L1 AIK I 91°6'34.092" 29°41'0.5424" 3620.12 K
L2 K I b 91°6'29.07" 29°40'54.6204" 3616.2 Hok
L3 A Ak 91°5'35.1276" 29°41'0.6144" 3618.85 HE
L4 K 91°5'59.3844" 29°41'0.096" 3601.9 B
L5 A= 4k 91°5'13.1244" 29°40'39.1944" 3613.19 B
L6 $£7K 31 91°6'1.5768" 29°40'47.3448" 3610.76 A
L7 Hil 91°6'39.492" 29°40'56.442" 361252 Hok
L8 SR 91°6'42.0408" 29°40'48.7668" 3614.19 R
L9 HEAR M 91°6'49.0608" 29°40'49.9548" 3613.16 AR

L10 S 91°6'33.2496" 29°40'45.6708" 3612.62 Hok

L1l S 91°6'40.6296" 29°40'40.944" 3641.3 HoK
L12 LK 91°6'15.7644" 29°40'37.9632" 3617.06 ok

L13 £k 91°6'9.0216" 29°40'30.4032" 3611.45 ]

L14 K 91°6'18.7416" 29°40'33.4488" 3613.45 K

L15 LK 91°6'33.9552" 29°40'40.278" 3613.63 K

L16 HEARN 91°6'45.7488" 29°40'32.5812" 3621.66 |

L17 KM 91°6'35.8164" 29°40'29.3196" 3615.65 K

L18 e 91°6'45.4356" 29°40'21.2448" 361527 K

L19 KM 91°6'29.4552" 29°40'28.4376" 3619.61 B

120 £k 91°6'30.9708" 29° 40'16.6908" 3620.34 K

L21 sl 91°6'38.6928" 29°40'15.7764" 3608.86 ok

122 2 91°6'31.6836" 29°40'9.9156" 3605.48 B

123 £k 91°6'27.114" 29°40'15.4164" 3614.06 B
L24 LK 91°6'15.156" 29°40'15.546" 3628.46 A

L25 FFRAKE 91°6'28.7784" 29°40'2.4384" 3618.07 K

L26 R AK 91°6'29.9376" 29°40'2.3988" 36172 K

L27 TR 91°6'20.5632" 29°402.7264" 3609.11 AR

L28 Wi 91°5'57.2136" 29°40'10.47" 3615.5 B

L29 IS 91°5'45.1068" 29°40'2.0568" 3609.48 T |
L30 IR 91°5'31.6176" 29°40'1.65" 3618.3 B

L31 Kk 91°4'52.698" 29°39'53.6364" 3613.14 K

L32 K 91°4'51.8916" 29°39'53.3592" 3606.17 K

L33 HTE I 91°4'52.6872" 29°40'4.8072" 3617.56 Hok

L34 & e bR 91°4'51.7008" 29°40'4.7568" 3613.25 B

L35 B IRIR 91°4'55.434" 29°40'25.8168" 3614.96 BPE
L36 5 JL R 91°4'54.8184" 29°40'25.8276" 361231 AR

L37 IZEYS 91°4'32.6172" 29°39'49.986" 3613.75 ebed

L38 A Ak 91°4'3.0396" 29°39'50.9112" 3616.93 HE

L39 kR 91°3'51.7464" 29°39'51.894" 361241 %

L40 Kk 91°3'51.8292" 29°39'51.012" 3614.13 HE

L41 LYY 91°3'52.7256" 29°40'4.3536" 3604.27 BPE
L42 A Ak 91°4'3.1584" 29°40'7.7196" 3615.43 B
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Attached Fig.I Spatial-temporal variation characteristics of water quality variables in Lhalu Wetland






