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Abstract. Lakes on the Tibetan Plateau are profoundly impacted by climate change. As the primary producers in lake ecosystems,
phytoplankton are highly sensitive to environmental changes, making them key indicators for understanding how lake ecosystems on
the Tibetan Plateau respond to climate change. From July 2019 to September 2021, we conducted an extensive study involving the
collection, identification, and quantification of phytoplankton samples from 72 open water areas across lakes on the Tibetan Plat-
eau. Our investigation revealed a total of 8 phyla and 91 genera of phytoplankton. The phytoplankton density in the lakes varied sig-
nificantly, ranging from 1.01 pg/L to 8742.24 pg/L, with the majority of lakes exhibiting a density within the 100-1000 pg/L.
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The phytoplankton-predominant lake types in the region were Bacillariophyta and Chlorophyta, with Bacillariophyta organisms con-
stituting over 50% in 35 lakes, and Chlorophyta organisms exceeding 50% in 18 lakes. Noteworthy the predominant phytoplankton
species in lakes of the Tibetan Plateau included Chlorella, Oocystis, Navicula, and Cyclotella. The richness indices of lake phyto-
plankton were characterized by species, ranging from 1 genus to 25 genera, with an average value of 8.60 genera. The evenness in-
dex exhibited in a range of 0.08-0.93, with a mean of 0.55. Similarly, the Simpson index varied from 0 to 0.87, with the average
of 0.53. The Shannon-Wiener index displayed a range of 0 to 2.39, with an average of 1.16. Using the Mantel test and RDA analy-
sis, it was confirmed that salinity and conductivity were the primary drivers of differences in phytoplankton community structure,
while pH and temperature were the main factors influencing the variations in phytoplankton biomass of the Tibetan Plateau. The
findings of this study enhance the understanding of lake phytoplankton on the Tibetan Plateau, providing valuable insights on how
lake ecosystems in the region respond to climate change and human activities.
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Fig.1 Distribution of lakes surveyed for phytoplankton on the Tibetan Plateau
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Tab.1 Parameters of water environment in lakes on the Tibetan Plateau
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TP/ (mg/L) 0.041 0.143 0.005 0.261 3.982 0.011 0.713 4.500 0.004
DTP/(mg/L) 0.021 0.084 0.000 0.240 3.906 0.004 0.615 4.316 0.002
BIR/ % 29.10 100 2.20 23.30 70.80 2.20 32.66 94.00 6.10
SD/m 4.40 11.83 0.20 3.25 12.25 0.22 3.81 13.68 0.30
HhEE/ %o 0.31 0.94 0.10 4.66 9.24 1.03 22.85 106.41 10.72
H5 %/ (pnS/cm) 494.58 1428.17 56.90 6595.19  12969.65 1613.50 40622.97 120612.25 14379.60
BIRE/ % 60.73 73.23 52.45 59.41 72.43 52.10 59.44 78.73 47.80
pH 8.90 10.29 7.77 9.39 9.97 8.33 9.02 10.22 7.88
MLEE/NTU 4.37 43.86 0.05 3.82 49.91 0.38 2.90 16.81 0.21
St/ (E/(m?-d)) 25194 304.32 187.56 259.50 288.57 201.08 267.82 304.75 240.91
7K/ (mm/ ) 46.69 93.40 0.30 45.82 90.60 5.20 39.35 97.10 0.40
JKiR/C 14.27 20.35 10.33 14.47 17.26 7.40 14.80 17.66 12.13
iR/ C 8.18 11.10 3.20 7.80 10.60 5.50 8.22 10.40 6.10

SEEEN 0.53, FA- AT EGE R 0~2.39, SF-H(E N 1.16, H5H0 S 3R A W RE I h 1 0 Fh 2 e
2.4 BB

AR RS EEF R ECRITAG BE R3S (B 5) , A R B4R 4L Y = 0.02 W R Bl 2 034
J& o AR I 4 N REIE , 5350 /MR BEE ( Chlorella) IRFEREE ( Oocystis) FHEBEIE (Navicula ) /N
PR (Cyclotella) o Fr/NERERRE FAR5ET] SRBEA SRBREEH /NERBER) ; T2 3R SRT T4l 1] ki
Y GEBREEH U0 AL AT R SR TR ] RIS S H S SR N R SRR T REEE ] P
N )i S N e 2

FE T PR JER A 1 72 AN A 60 AN R B/ INREE | R T R R IO 40 A )2 TR IR A o
/INER B R 53A7 0 FR R w5 1 4K 3437 ~ 5122 m K IR 0.45~56.60 m & W 0.20~ 13.68 m (1A, FEEFHH
TN He BT 4 0.180~6.650 me/L, TP ¢ BE JE ] %7 0.003 ~3.980 mg/L, £k BETE I A 0.1%0~27.55%0, 7EJE#
[ 39 A3 & B B, A0 A7 T B0 255 4 3437~ 5122 m 7K IR 0.45~56.60 m 3B F 0.20~13.68 m
BIIIA, 2 E SRR TN MR BESE I 0.260 ~ 6.650 mg/L, TP ¥ £ i [ 2 0.003 ~ 3.050 mg/L, k£ 3l il 4y
0.20%0~22.35%0, TEVEAAT 42 AT 0 % DROR 2658 & | 407 30 [ 35 05 4 4220~ 5122 m 7K 7 0.45 ~ 56.60
m BV 0.20~9.00 m {1 , L T4 TN e B B4 0.260 ~6.650 mg/L, TP ¥ J3 i 6l &7 0.10 ~ 3.050
mg/ L, Eh BESE 7 0.10%0~27.55%0, 7 A ) 40 A-I5130 HR 22 BE/NBR SR )8 , 434 31 A 35 1 31 3437 ~ 5122
m K 0.45~56.60 m B HAFE 0.20~13.68 m (1311, FELE FE2h TN ¥R BFYE 4 0.180~6.650 mg/L, TP ¥
BT 0.003~0.740 mg/L, £k B F I 0.10%0~27.55%0,



420 J. Lake Sei. (#ia#+5) ,2025,37(2)

BE

2 T
= frﬁg gl i COH
e T
:li’* s 0 [ 1%
; - e
3 e x — i
£ ik — =
i 8 I - o #E
I I
L
I
| |
i
T
T
I ||
I I
T T
i T ]
L |
il T
A T I
£ T 1
: 1
0 I T
] T TT
in] I 1]
m T T 1
kit [T T
i 0 T T 1
] T T
i I 1
uij AL T
01 A 4 i
i [ e T
mi| % L I I
C e i
i [ SR T T 1
[T AR A I
1 kN I
= | PIAHE I I
i 75 L I 1
] ZEILGH 1T I
1 [ [
| T
| I
g | [
- | I
# I
) - | [ I
=1 il
i 01 sk T [T T
ol g i
U S m— 1 L5 R 1T
Hoggest I e T T1
[OP R 1 WA T -
IR WO T
LiErE - | — faEai I L1 L
[ e — i I I
Az AZHE -
[543l 1 s — W?Fﬁﬁg I ; I .
Sl o e—| S
“his BBt bl T I
[ | e | [E I
o e S— F 1T T
AR I I i} T Ay I I I
! ! ! T T T T T 1
0 2000 4000 6000 8000 0 20 40 60 80 100
LR (ng/L) AEXS A= 3/ %
= e HHY e ) ZN v = YE Y V2
W2 T s S 72 AN & T2 & 3 7 96 s SR IR A )
= IINES ) =
T BARAIR B I 2AEN L i
Fig.2 Histogram of phytoplankton biomass accumulation Fig.3 The relative biomass of phytoplankton of each

of each phylum in 72 lakes on the Tibetan Plateau phylum in lakes on the Tibetan Plateau
2.5 R EF 55

AW Mantel test 7387 FRIE R X IR FAE M RE T A A 5200 (181 6) , 45 2R s - SRR A S A 2
S 5 DI T 0 REL R v K 2 S 1) e 2 LUK IR 3%, RO T8 A P S T e Pk S L L pHL SRR
[FIPRIAAB 12 R SRR S MR pH BAT AR G, W B8 S 3R B L SR AT W AR G, Sl T
Ve SEWIE EhHE FSAR pH AT WG BRI IN 1 5 e A S v A A O T
RIS PR AR B 52 25 ) by ARSI , 2020 B iR S A R CE AR ER VRUR oK) B ARG

PREE R 7 5 PR WAL ) A W B A DG E 2 M e BT (181 7)), AR ol ol L ol L BV W L 1B S IE AN
5%, pH SHEgE B SRV RIS O SC, Eh R A A e B B IR A . B A R B R
SSRST i NI RS S N SE R Y/E el = L P

AW WA PRI 5 BT R 1 TR BT S s (P 8) < 58—l B8 Bl i S e 2 4931 40.91%

N



EREF AR BRP T ALY BTG MRS IR B &

421

254

20 1

154

10 0-0-0-0-0-0-0-0-0-0-0-0"00-0-0-0
 -0-0-0-0-0-0-0-0-0-0-0~0~0-0-0-0-0-0-0-0

S-W
0

K T I e e e e e e e

%M%wfv&Jwa%v%AfmwxﬂMVﬁxfWWﬁwxwyﬁfogﬂmJﬂﬂggx

0.9 4

0.3 1

FUHRIRE BARRER SRR R

2 AN

%

2=
B

e

B
IR
JHE BeIm
IR R
FT R

FFHM

P 4 7 e S WA R AL ) 2 A
Fig.4 Phytoplankton diversity in lakes on the Tibetan Plateau

uuuuUUUuUuH

N/ug/L)

i

Y

TNERER,
R
INER R,
o Je i

2406.84
3066.75
4339.10
7642.18

40/72
39/72
60/72
42/72

0.020
0.025
0.055
0.068

(=)

0.01

0.02  0.03

0.04 0.05 0.06 0.07

ezl
S 5 80 St B A A O A

Fig.5 Dominance of main phytoplankton in lakes on the Tibetan Plateau

25.89% , Horp R B2 g AR U pH AF SRR 20 BRI SC PR , P L) R BB N 7 £R 5 L R

AR

2.6 REIEEXLMAFHFEDHELS

B 3 bR R R T i AR R R S A BEAT 25 20T, LA O 3 a5, PR T A DG A D 3 K 46

GES

U 20 X HEAN [ B2 ALITE v 7 305 AL R A T D DK ) B TR K ), 17 5 A A0 10 2% v R
T, A 39 AP g 80 APk, 5 KPR EESEN, 25 R I, A 0.076 HEANE] 0101, 3 U He i 19 45 742

K, WA o



J. Lake Sci. (#a#H3),2025,37(2)

422

e |C)HE| e

Y AEIE
waAA [OEo|dl e

LI
g

LA

==

(@

TR YY)

°
O

O

-D.

.|

O

s |O|Ofe (OO -

]

o|d|=|d|0|o

[}

O e|o

s

R EEECEEEEE

o|0|O|d|e|o|o|do|o

O e
00| o
O =
oo
olo

Oo|o

"

o(O0|o

AN EEREEEEREEE

o5 - @0 -

Oie|@oo|lo|o|al-

= |0

o|@

o

Ooojfe

- [ o

fifsA O[E| = |-

B |o|o|d

A |0
kLR 0|0 |0

ERESAE (Do

Mantel’s P

— <0.01

— 0.01~0.05
=0.05

EHF |o|o|o|o|o|d|o|o|O|O)e

B

Mantel’s

#HE OO
R |00

—<0.2
= (0.2~0.4

e DO0M - |Ooje)-

Pearson’s

. 0.5

pHDDu
WE [ojo|d|o|.

i @ O|o (0| |=|oc|o|o|e|(o|jojO@|o|s

0

I—o.s

!

Yy
N
e
e
ETRS
Hd

WY
stedy T

HE

o | T HE

hI T

e
. w_@,m.‘
BT

27
a2l

BRI

g
Flw7

BIES

&
&

o
o (O]
e |[]| -
Nar
o |O|0O(0O
Ojo|ojd)|e
(= ] =] o] ] =
= |@|e|0Of= |00
Olo|o|@|o|e
o o|O|@o|e|a|s=
° o|le|(o|O(@d|e|-|O@3
o|l=|d=|=|O|0|oc|o|O|-
O|=|de=|=|0doc|a|df-
oj- Of-|e|lo|o|o|O|=
DD_H__H_n_-un_u.n
FREREEEEER
o o] - [ OEmEl-[-|OE=
_H_n [m ) _H_-un__unD_u
Of = DD_H_Du_u.._u_H__H__H_ o
= HO|-|o|lojojo|jo|@|e|do|e O|m
° Oo|dO|oloje|e|e|o|dONo|o B -
ol S U U I O B R R O B B M BT B % 3
FUEDKKEEDEIBIREAEAFE HREXL
EE FH HRAW P
B g OE
g
5238 5.5 & .
5 ERE DR m S ° g
= S 11 2

m,
ol
e

I

Flpk

Hd

T
ety B
HYF
i

s g
FUOSERET RS
riaey
LEASERT R
¥
BRI
2%

R2ses

%

F47

Pl 6 PRI IR X BAFE WA () FUASIR] 2R IR AR (b)) TV S5 A0 ) 52

Fig.6 Influence of environmental factors on community structure of total phytoplankton (a)

and different phyla of phytoplankton (b)



EREF AR BRP T ALY BTG MRS IR B &

R
B

PR OB B B R R
& &
& &

I

¥

423

Pearson’s
¢ Ka
o i
i
* EE 0

o i

T
o
[\S]

3
HF
N
el

[
| |

o =
£ )

B X E

B 7 SRS 75 PRI AE T B BRI OCHE (o R P<0.05, s 7R P<0.01, s IR P<0.001)
Fig.7 Correlation between environmental factors and phytoplankton biomass
( * indicates P<0.05, s indicates P<0.01, =% indicates P<0.001)

3 itig

3.1 BEE R R E BRI S SN
301 F A B S 1 X R SR 72
AR AT S R AT R B, VA A
R, B/ T 10000 pe/L -2 % 910 pe/L, i
AT 1) 300 A 9 0 U B AL 4 4 T 1 A )
(7360 pg/L) "™ 75t 5 b B0 A B 2 PR R
EWERE (29270 pg/L) A2 BT 26 RO VF A
R (24000 pg/L) L 5 R JEUAS I ) VR
TR 25 K, /MR 1.01 pg/L ek
8742.24 g/ Lo IXIRACH 43 V7 e AL 00 A 0 A
T 100~ 1000 wg/L X i, ab FAR M Ao #1H
VR A 5 2 A 23 )L A S A
e, R R A 2 A AL ARAE

599 75 5L Chla K7 SRS, 4
1.11 Mg/L,ﬁ'y{jtjj 14.84 p,g/L,i%/J\ig 0.04 pg/L,
5 R A X SR 3 Chl.a vk BE A L —— 25 5 5
WA R (76,15 +55.68) pne/L°Y | K1 46.30
e/ L7 BRI R (3.602.45) wg/L7 #1314
P S KTHAR . ABFFE T Chloa W 5
VAR B TE AR G, S5 R 3B W) B S 1 A
5 MR EE TR S8 Chl.a vk BE R B3 b 5 i A9 BF
55— 8, R W HEE 2ERASBE 1 IR, Chl.a ¥R JE 25
BB BB TR Y . AR R AE RS B
VRN EEOE AT, kR S 2 S B0
PEF IR L K op s i S v BE ™ b S

RDA2(25.89%)

N
o i
0.5

(=}

EE |

-0.5 0
RDA1(40.91%)

0.5

8 TR S PRI T 1) RDA HEFF A
Fig.8 The redundancy analysis (RDA) ordination

between phytoplankton and environment factors

% 2 AFZERLHIA LI R 260 L
Tab.2 Comparison of cooccurrence networks
of different types of lakes

YOKIA  BUdok EUk
Rt 80 52 39
RIS =) 7.44 4.25 2.97
X 246 % 5 0.101 0.083 0.076
SRR K 3.28 2.92 2.29

Chl.a 5 35 GUMG 3 F B2 h TR NS BUK B35 FE R ) | a1 S50 Chl.a W% T RE. BWIE S
Chl.a (SRR I TT REJE: T PR PR A 1 B0 & B T R B



424 J. Lake Sci.(#3a#2) ,2025,37(2)

32 M AR TR FONIA R IR RN D SRR 8 1T 91 J&, Pk BT 33 U8 LT 31 8
SEET] 14 R T 4R DT 3 B BT 2 B R 2 R D 2 JR WA R K AR R A
DXIRAR ARG o DX 345 I 2 1) 2 RV 2 SR AR A B D 1R, e 9 25 B . B v AL A rh e o
L FEAIR AL YIRS  7E N T o HORESE 50% o IR YA Rk A R A A S RE
A AT 1 T EG T VA 2 A S A A A H Ay ek B S, T T R A R B A SE B 7 S 77
WEREL ) A A A I Y 0 SO 957 e D5 b DX 3 P 2 S IR AR el R BLASE B, 7 B R
B B FEWIA BRI e H A R

T 98 25 L DX I I R A L O T TR T . TR — B0, K T R WA I L S K
S LSBT T Y o 2 St FOSIIA Al 0 PR e A T R 1 M L T L X
B2 S R TR R R IR R A 7 A KR R BRE R E 25 S REMEEON G R E A R
FRIZGIA A 23 AR 0 LA R B il A AR, 7 A2 AR B BRI P A A R R T T R
JELBRE A e 7 AR AL R, ZEL IS P T SRR Z ) R L K B L TR R SRR B
A ESR AP IR L W AR AR SR PR KR e B SR K R T A B R A TR R
DX () WITET R 22 Ak T35 F7 K P AR BR84S 0 45 B AR 25 PRI A 40 0 0 JEL 46 v 0 DXL R K 1
BHRESI A BEARLULESE

5 TR 28 T PR WAL 0 0 T8 A ik 386 1) /IR 0 T RS T 3 R L T 453 3 1 1 1 0 8 R /N BR U
G303 Sy ok PR WA AR O TR A b, 25 T A SR WA 7 18T 5 A8 BT 407 T A i ) A 6
ZGYRUER IR I o 6 75 90526 AN W30 r 1990 95 R 2 A B v /NER O B G o 3 RS ol
T B0 B TE L AR 5, 0 7F 0 EL PR sl BT R o /INER I I X TR [ K PR 1 18
PR TEBR , 7ER AW A T A T AR AL RS 7R S T SR A A TR S R R
pH LA 7K SRER IS T A= 7 5 /NP 5 A 0 e 7R () XS A o 2 S . 1) e KV o R e rh 2 W i B
66 , T AR AL LT R 0 PR A A 2 rh/NERSE Sl B Re ) . SRR A L B A 3R )3z
SRS GRS A KT T WA A T SR O SRR o INER R R A e A R R B T 2
ST AT AR R X LT3 A, SR I £ B B I RE R O SR A R i 1 B
3, 75 0 SR o o R A 2SR, %o T e W A S R S AR
3.2 BH B EREZHEWH BN

5 TR 128 SN A v VA X, LA I O B B A0 s A e " L B R 262 S PR3 R
F) T B DR 28, T BB PR T — 25 A T PR WAL O AL R A B A R IR, T G v S B
TR ERE ™ SR T 8 AR AR S PR R AR A R 7 A T SR Y L MGHESM T \RDA 43
BT e Mantel test 2525 53 B | 75 560 2 J5 b XA PR 355 DR -0 VRWE AL D BE R 45 H 7 2 T 8 ), B0 4R <
YL pHL A W K ST B SN DL R P AR IR pH MU L3 S R R S R . SR AT
AR ANER JEE 5 M T SO Y R A RIS S R e B IR

T A X U 2 R T 3.20~ 11.10 °C 22 0], -2 8.04 °C, M5 T [RI I B4 A 0 i
ZHE R, %I A AR T AR . 7E RE B R R b IR AR ) A KA G TR T
i AL R RGP A REE | DT 37 B R ) A B A R R SR RO T 25 18 7T i S B0
e R R 2L RN SRR S £ AR Ak 388 IR v K R B K AP ERUR o LUdbvg  f, 3EL R b T3 50
TR R 0 DA R A AV 7K TR ) 2 7 Sy I K TR0 F) 5 0, T 76 M 20 5 W 0, W 0 ) 0 3 TR A D) by ik
AR REAHETT o LA U T U S WAL E 0 R 0 2 A A, 2 B A 0 1% B A 2
A A A B AN A R RN, SRS ) 2 0 kU R B T, 4 PR RS S R A SR 45 7 U 9 £ 10 757 6 28 S0
WA T 9 _F T TR U R A A R, 33K T R TR b TR T PR WA A A K R )
B, v K K f B Sk T R , 46 R 2 UM R AR T VR e e Y

B T T SR A S R S TR B R, R IR AR 04 A B B 2 BN , R f 8
RE S AR ) A0 ML F0 95 05 T, T BELRS- 25 300 SR 0 W A o 75 9 s DA )6 2 918 L0, 7 0..1%0 ~ 106.41%0
206, S 11.91%0 . BT B 2080 35 T A W) MUK 0 R K 50 3 Rl KRR R, JHG v o A 4



GFEHAF . ERE RS BB R SNBSS R £ 425

R P T T AR, S 40 P S 0 R B KT T BB A TG , 22 B oF 8 B M0 1) 85 P2 T 32 kL X 5
T 1 5 AR A PR W R ) () S A — B o AR S R, R0 TR R AR T — S i B, 5k SR
R PR A S R B S R X S BT MBI T A AT s T B2 il T H AT ELAE R
VWAL O 25 R AR T ER A ST, (ELR R 8 e — A R, 54 S EGR Ik SR A Wi 9 TR . Mantel
test SMHT A I, REWE R O R SR RE VS 205 g 5 R BE 22 A7 S5 PR D, BT 1) A8 AR T Jx e S R 2 R
SEFA A, A BIFSE 25 W 58 0 1 T LA R AR T AR e o L o

UEAESR 1 S AR MR B TS 5 , T A S 1 il 5 5 2 0 T AR K A R, U Y e
TR , 0 e R RV A 5 T B WA A 8, LR s A IX L 2 kK o e X LR K I
TR KT K 3 Pkl 5 S0 rh PR R I 46 2 B« B 0 6 BE ARG, V7 ALy I 46 v 4 5 B0k 4
S, MCHTHME UL A7 B R T Sh FIfs 2x GE 08 47 K, 08 07 o5 08 DI 34 5 73 A5 S 450 38 0 00 2% 45 3t 2 T i,
W 22 (a1 DR 5 5 e DA S 58, 3 - ) 1) {5 LSS RS JEE 1) o T WP AL R 46 2, 9 4% 1 4
B KA R TR SR I RS E K B S R AN EE .

IR R R AT AR A K P R S TR (LA T R SR R AR TUAY AT R R B T
M PR, 336 B phy T T R 6 S O U AL RE VR S5 R AL TR X R RS, 7E TE A ST B A R
ER AR RN BT LA FREh SRS RN | T PR TR A R B K, SR TR S5 i E R R L 7
AR R T, T R ST R R B OO . X T RS T R U (G R R B R v R AR
FURT I8 F2 00 2T, R0 B0 LBl 100 B A S A S, 35K 5 90 32 199 20 BRE A 175 B B g AR, 76 77 D
YIiF5Erf, Redfield H 3Bl 25 AR5 i AR e B sk g B B R Y — A IS 2 A9 NP HOfE 1601, 4%
T, 7675 25 JEUE 1, N 2P AP 25K 8 T 53.44 , i {6 28 5 3k 355.27 , i bk J38 A G 14 220 Bk LU 26
T RE S FEOT ALY ALY i 5 B 5 B C A SRR o 75 R o5 JEU I =2 0 1) 85 R 30K T AF T R I 25 5
5 37 b KT8 A T/ NRSE B PR IR A 0 o B8 A I, AT LA e PR R MR AR R A A R i R
Tk 60 3 AU 305 7 126 7 R/ R P B R 10, TS P SR B0 1 3 Ak iy, W) S B AR 1K R R 2, L
A SH R PRI (G R R ol LT S I o AR R S O T R R, L 2 M A S e A L A
HER DB R LR SR o 3 A0, ZE BRI BRI v | SF AL £ SR B 2R 90 A 0 7 X 0 W, 4 i 28 40 /4
Ko BRI AL oA AL A LA B 6 R 0 6 X 8 P - 1) 1 252 , 7 BRI A 34 T, 75
ST 25 ST TIET 1 9 0 L A0 10 T SR BBUAS AL 94 £ 0 9 X 5% W 7 ] AFE A BRI

757 6 126 S0 30 7 AL B IR R R BE P IR S . 7E Bk IR 15 5 R, K
DRI B A FK ) T R K 38 0K 25 S B0 31 5 B AR, — 2 JLRIVE K R BOF Y A 2 1 T BT 254
WAL S RGO R T o IR A 32 AT 3 Tt 5 TR T R B4 T R S B0

BRGNP, AT R A A PR INA T 20 T 3G TE , — RS2 k1AM s i 5 2
AR AR B WINA , WA s — I AT SR s ZU B0 WITA , W0 & B AR S T 4%
4 4ig

1) 75 98 ma JEUIA K DA H PR AR 8 17 91 U, WA TR WAL ) A ) BT 1.01 ~ 8742.24 /L Z ),
DR TR AT P B A ) A= MR AL T 100~ 1000 pe/L 22 18]

2) T e SR PR B AR R 25 5O, DURERE ol T IRFAE S AR TT /N BR B | O I DL K
RERET TR FHIE AR /IR

3) UL R W 7 B MR AL A A ) i e R R PR IR, R R R pH R AT R 5 e 7 R M
TR RE VR AR R M PRIRE IR 1 o AR T e T R 2 S 05 RS LT W AL DAY R R e A Sy B K i, 77
Tt B A

5 S 3k

[ 1] TaoSL, Fang JY, Ma SH et al. Changes in China’s Lakes: Climate and human impacts. National Science Review, 2020, 7(1) . 132-140.
DOI; 10.1093/nsr/nwz103.

[2] XingP, Tao Y, Jeppesen E et al. Comparing microbial composition and diversity in freshwater lakes between Greenland and the Tibetan



426

[3]

(10]

(1]

[12]

[13]

[15]

[16]

[17]
(18]

J. Lake Sci. (38 #3) ,2025,37(2)

Plateau. Limnology and Oceanography, 2020, 66 S142-S156. DOI; 10.1002/In0.11686.

Ke LH, Song CQ, Wang JD et al. Constraining the contribution of glacier mass balance to the Tibetan Lake growth in the early 21st century.
Remote Sensing of Environment , 2022, 268 112779. DOI; 10.1016/j.rse.2021.112779.

Zhang L, Li HM, Wen TT. Characteristics of climate change in Qinghai Plateau from 1961 to 2020. Meteorological Science and Technology ,
2023, 51(4) ; 489-498. DOI; 10.19517/j.1671-6345.20220274. [ w8, ZS4THg, W1 1E. 1961 — 2020 4F75 1 i R SR AR L ARAE . <
ZRHY, 2023, 51(4) ; 489-498. ]

Hao J, Li JX, Lian ZX et al. Analysis on variation of lakes and its influencing drivers for the Tibetan Plateau. Journal of China Hydrology,
2024, (1): 112-118. [Bik, ZeolTe, % T 05 35 56l I T ARVE AL MU B 2238 2. /K3, 2024, (1) ¢ 112-118.]

Ding X, Liu JX, Liu WW et al. Phytoplankton communities miniaturization driven by extreme weather in subtropical estuary under climate
changes. Water Research, 2023, 245, 120588. DOI. 10.1016/j.watres.2023.120588.

Chen WL, Guo F, Huang WJ et al. Advances in phytoplankton population ecology in the Pearl River Estuary. Froniiers in Environmenial
Science, 2023, 11 1084888. DOI: 10.3389/fenvs.2023.1084888.

Jia JJ, Sun K, Lii SD et al. Determining whether Qinghai-Tibet Plateau waterbodies have acted like carbon sinks or sources over the past 20
years. Science Bulletin, 2022, 67(22) ; 2345-2357. DOI; 10.1016/j.s¢ib.2022.10.023.

Cheng J, Song CQ, Liu K et al. Satellite and UAV-based remote sensing for assessing the flooding risk from Tibetan Lake expansion and op-
timizing the village relocation site. Science of the Total Environment, 2022, 802: 149928. DOI: 10.1016/].scitotenv.2021.149928.

Zhang Y, Hu QW, Zou FL. Spatio-temporal changes of vegetation net primary productivity and its driving factors on the Qinghai-Tibetan
plateau from 2001 to 2017. Remote Sensing, 2021, 13(8) : 1566. DOI: 10.3390/rs13081566.

Zhang GQ, Wang MM, Zhou T et al. Progress in remote sensing monitoring of lake area, water level, and volume changes on the Tibetan
Plateau. National Remote Sensing Bulletin, 2022, 26( 1) : 115-125. [ kE PR, T5¢5%, JRIFGSE. 50 FIHA AR KA 5K B AR iE
TRUSRT T . JE R, 2022, 26(1) : 115-125.]

Li XD, Pan CM, An RZ et al. Niche and interspecific association of dominant phytoplankton species in different hydro-logical periods in the
middle and lower reaches of Lhasa River, Tibet, China. J Lake Sci, 2023, 35(1) : 118-130. DOI: 10.18307/2023.0107. [ ZEE%<, W&k
M, ZHiE A VOB B PR AN K SR Y O3 A A 0 R R IR E V. 0IA R, 2023, 35(1) « 118-130.]

Li SJ, Li WC, Xia RL et al. The scientific expedition on the modern lake evolution in the Qinghai-Tibet Plateau: A preliminary report. J
Lake Sci, 1998, 10(4) : 95-96. DOI. 10.18307/1998.0416. [ Z=ithAs, 22074, BRUKEE. 8 e R BCIHIA L 5 2 200 0 1) 4
WA, 1998, 10(4) ; 95-96. ]

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) : 540-552. DOI: 10.18307/2023.0212. [ #)%, #/NBH, Ris W&, 0 IR T Y RETE I 25 48 SRy
R HIRHEIRE A . AR, 2023, 35(2) : 540-552.]

Kai JL, Wang JB, Huang L et al. Seasonal variations of dissolved organic carbon and total nitrogen concentrations in Nam Co and inflowing
rivers, Tibet Plateau. J Lake Sci, 2019, 31(4): 1099-1108. DOI. 10.18307/2019.0410. [ FF 4%, EEW, #HESE. VA L H
AT A DR R BE 2R A8 Ak IARLE, 2019, 31(4) : 1099-1108. ]

Zhu LP, Wang JB, Ju JT et al. Climatic and lake environmental changes in the Serling Co region of Tibet over a variety of timescales. Sei-
ence Bulletin, 2019, 64(7) : 422-424. DOI; 10.1016/j.scib.2019.02.016.

RAL- PR EOMATHL X BRI AR (2R B Bl B . dbnt: Rlamiia:, 2021

Yang Y, Hu R, Lin QQ et al. Spatial structure and B-diversity of phytoplankton in Tibetan Plateau Lakes: Nestedness or replacement?
Hydrobiologia, 2018, 808(1) : 301-314. DOI. 10.1007/s10750-017-3433-7.

Zhou J, Wang L, Zhong XY et al. Quantifying the major drivers for the expanding lakes in the interior Tibetan Plateau. Science Bulletin
2022, 67(5) : 474-478. DOI: 10.1016/j.scib.2021.11.010.

BAMSE), BLENL. PEPOKEEE: R R B . B, 2006.

BRI, WAE K WOKIFIRE IR O k. duat: BeEL AL, 1991,

T KPR O BRI KRB K I AW 075 ) e 22 KRR K M A3 7 7 ik SRR - bt P R PREERL 2 At 2002.
Shannon CE. Mathematical theory of communications. Champaign: University of Illinois Press, 1949.

Simpson EH. Measurement of diversity. Nature, 1949, 163 688. DOI: 10.1038/16368820.

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.

Sun CC, Wang YS, Sun S et al. Dynamic analysis of phytoplankton community characteristics in Daya Bay, China. Acta Ecologica Sinica,
2006, 26(12) : 3948-3958. DOI: 10.1016/s1872-2032( 07 ) 60005-5.

Chen WQ, Meng YY, Shan YG et al. The driving forces of sporadic cyanobacterial blooms in oligo-meso trophic waters: A case study of
Fangbian Reservoir, Nanjing. J Lake Sci, 2022, 34(5) : 1452-1460. DOI; 10.18307/2022.0504. [ [43CAY, daiEve, BAIELNSE. SE-fig
FrAUAKAAAE S W K A B B 3 PR 2R T —— L r U K R ). WA AL, 2022, 34(5) « 1452-1460. ]



i

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

FE HRBH R FHAADAEE ML R E FE 427

Luo NN, Sun BL, Zhu BC et al. Distribution characteristics of phytoplankton functional groups and their relationship with environmental fac-
tors in Taihu Basin. J Lake Sci, 2022, 34(5) : 1471-1483. DOL: 10.18307/2022.0506. [ %44, Ih& N , AvK )45 AR ks
DIRESEREI AL B L SR T I SE . AR, 2022, 34(5) : 1471-1483. ]

Wang CB, Spatial pattern and influencing factors of phytoplankton in lakes of central and southern Yunnan in summer. Chinese Journal of E-
cology, 2020, 39(10) : 13. [ Y. 2w v 0 1 1 78 50900 B 2 ¥ i A 40 2= () 20 A T HOs2 i TR 7. A =2 20 R, 2020, 39
(10): 13.]

Luo YF, Li L, Li QH et al. Spatial and temporal distribution of Chlorophyll @ and its relationship to algae and environmental factors in Aha
Reservoir. Environmental Science, 2017, 38(10) : 4151-4159. [ B'HE , 255, 2044, IS /KIEM S E o 230 AR AE S = 5
R TR R, FAEIRRE, 2017, 38(10) : 4151-4159. ]

Zhou Q, Chen GJ, Li R et al. A comparative study on spatio-temporal variations and environmental drivers of lake-water chlorophyll @ and
diatom communities in Lake Yilong. J Lake Sci, 2023, 35(6) : 1891-1904. DOI; 10.18307/2023.0614. [ J&#z2, FRGAS, 2864, sk kit
LR o FVREBEETE 25 4041 B e DT A Ee i —— DA = S IS e S 1. 913A Rk, 2023, 35(6) : 1891-1904.]

Wu DH, Jia GH, Wu HY. Chlorophyll-a concentration variation characteristics of the algae-dominant and macro-phyte-dominant areas in
Lake Taihu and its driving factors, 2007-2019. J Lake Sci, 2021, 33(5) : 1364-1375. DOI; 10.18307/2021.0506. [ =A%, SR @EAE, %
i 5. 2007— 2019 AF KW BERD RIS RIA X203 o R ARREAE S S0 (K 7. WIIARLS:, 2021, 33(5) : 1364-1375.]

Tian SM, Yang Y, Qiao YM et al. Temporal and spatial distribution of phytoplankton chlorophyll-a and its relationships with environmental
factors in Dongjiang River, Pearl River basin. J Lake Sci, 2015, 27(1) ; 31-37. DOI. 10.18307/2015.0104. [ HI¥, 4535, Tk 4.
PRULASRTE T RIF I 4R R o 2000 B SRR FEE R, WIARE, 2015, 27(1) : 31-37.]

Zhang YB, Shi K, Zhang YL et al. Water clarity response to climate warming and wetting of the Inner Mongolia-Xinjiang Plateau: A remote
sensing approach. Science of the Total Environment, 2021, 796 148916. DOI: 10.1016/].scitotenv.2021.148916.

Liang ZY, Chen HL, Wu SF et al. Exploring dynamics of the chlorophyll a-total phosphorus relationship at the lake-specific scale: A Bayes-
ian hierarchical model. Water Air and Soil Pollution, 2018, 229(1): 21. DOI; 10.1007/s11270-017-3678-9.

Jeppesen E, Sgndergaard M, Pedersen AR et al. Salinity induced regime shift in shallow brackish lagoons. Ecosystems, 2007, 10(1) . 48-
58. DOI; 10.1007/510021-006-9007-6.

Menden-Deuer S, Morison F, Montalbano AL et al. Multi-instrument assessment of phytoplankton abundance and cell sizes in mono-specific
laboratory cultures and whole plankton community composition in the North Atlantic. Frontiers in Marine Science, 2020, 7. 254. DOI. 10.
3389/fmars.2020.00254.

Liu XX, Chen L, Jiang YN et al. Spatiotemporal variation of phytoplankton communities and their relationship with environmental factors in
Lake Fuxian. J Lake Sci, 2020, 32(3) : 793-803. DOI; 10.18307,/2020.0319. [ Xb¢hk, BRAR , HEARESE. oAlWIT et py Reg it 2 725
MRHIE XL SR T 16 & WIIFRLY:, 2020, 32(3) : 793-803. ]

Feng QY, Wang SR, Liu XQ et al. Seasonal and spatial variations of phytoplankton communities and correlations with environmental factors
in Lake Dianchi. Acta Scientiarum Naturalium Universitaiis Pekinensis, 2020, 56 (1) : 184-192. DOI: 10.13209/j.0479-8023.2019.128.
[SAKRE, ERRSR, X845, ORI R & S50 A I 2 A2 L R S PR R T 6 3R JE Rtk 2 4l AAARL R, 2020, 56
(1): 184-192.]

Berthon V, Alric B, Rimet F et al. Sensitivity and responses of diatoms to climate warming in lakes heavily influenced by humans. Freshwa-
ter Biology, 2014, 59(8) : 1755-1767. DOI. 10.1111/fwb.12380.

Liu SY, Cui ZM, Zhao YF et al. Composition and spatial-temporal dynamics of phytoplankton community shaped by environmental selection
and interactions in the Jiaozhou Bay. Water Research, 2022, 218: 118488. DOI. 10.1016/j.watres.2022.118488.

Zhou LX, Qiu QLL, Tang JF et al. Characteristics of spring green algae blooms and their influencing factors in an urban lake, Moon Lake in
Ningbo City, China. J Lake Sci, 2019, 31(4) : 1023-1034. DOI; 10.18307/2019.0422. [ J& /5%, RERFLHE, BEGIEESE. WiTAES
SRBKAREAE B R R —— LU T I A WA . WhAA:, 2019, 31(4) : 1023-1034. ]

Jensen JP, Jeppesen E, Olrik K et al. Impact of nutrients and physical factors on the shift from cyanobacterial to chlorophyte dominance in
shallow Danish Lakes. Canadian Journal of Fisheries and Aquatic Sciences, 1994, 51(8) : 1692-1699. DOI. 10.1139/{94-170.

Mukoma MG, Odour SO, Otachi EO. Sustainable fish feeds: Optimization of levels of inorganic fertilizers for mass production of Qocystis sp.
for climate smart aquaculture. Aquaculture International, 2023, 31(1) : 435-445. DOI; 10.1007/s10499-022-00986-5.

Genkal SI. Morphology, taxonomy, ecology, and distribution of Cyclotella choctawhatcheeana prasad ( Bacillariophyta) . Inland Water Biolo-
gy, 2012, 5(2): 169-177. DOI: 10.1134/81995082912020046.

Saros JE, Anderson NJ. The ecology of the planktonic diatom Cyclotella and its implications for global environmental change studies. Biologi-
cal Reviews, 2015, 90(2) : 522-541. DOI; 10.1111/brv.12120.

Yu ZL, Chen W, Zhao R et al. Periphytic algae community structure and its relation to environment factors in the main stream of the Song-
hua River from 2014 to 2019. Environmental Science, 2021, 42(2) ; 819-830. DOI; 10.13227/j.hjkx.202007175. [ F52R, MR, #X9%
S5 AMEVLT IR 2014— 2019 4F 5 245 A SR EPR 8 A R B HOW PR AR (R P I 107 BREERL27, 2021, 42(2) » 819-830. ]



428

[48]

[49]

[50]

[51]

[53]

[54]

[55]

[56]

[57]

[58]

[62]

[63]

[64]

[65]

[66]

J. Lake Sci. (38 #3) ,2025,37(2)

Yang J, Ahmed W, Mehmood 8 et al. Evaluating the combined effects of erythromycin and levofloxacin on the growth of Navicula sp. and
understanding the underlying mechanisms. Plants, 2023, 12(13) ; 2547. DOI; 10.3390/plants12132547.

Hu YX, Cao L, Qu RC et al. Community composition and assessment of the aquatic ecosystem of periphytic algae in the Yangtze River Ba-
sin. Environmental Science, 2022, 43(8) : 3998-4007. DOI; 10.13227/j.hjkx.202111229. [ @47, W55, BB, KIS 4%
KRR 23 M 5 BOHAEASITAN . BRSERE, 2022, 43(8) @ 3998-4007. ]

Ibrahim I, Elbaily Z. A review: Importance of chlorella and different applications. Alexandria Journal of Veterinary Sciences, 2020, 65(1) :
16. DOI: 10.5455/ajvs.94847.

Wang WL, Moore JK, Martiny AC et al. Convergent estimates of marine nitrogen fixation. Nature, 2019, 566 205-211. DOI. 10.1038/
s41586-019-0911-2.

Liu KS, Yao TD, Pearce DA et al. Bacteria in the lakes of the Tibetan Plateau and polar regions. Science of the Total Environment, 2021,
754 142248. DOI; 10.1016/].scitotenv.2020.142248.

Graff JR, Westberry TK, Milligan AJ et al. Analytical phytoplankton carbon measurements spanning diverse ecosystems. Deep-Sea Research
Part I; Oceanographic Research Papers, 2015, 102; 16-25.

Qian KM, Liu BG, Chen YW. Long term dynamics of phytoplankton functional groups in Lake Poyang during 2009-2016. J Lake Sci,
2019, 31(4) : 1035-1044. DOT: 10.18307/2019.0402. [ #kZ=tig, X558, WRFHE. 0 FH 97 IAm ) D RE A (Y I AR AL RHAIE (2009 —
2016 4F) . WARL:, 2019, 31(4) : 1035-1044. ]

Wang YF, Zhou CT, Zhao ZH et al. Seasonal dynamics of phytoplankton and its relationship with the environmental factors in subtropical
reservoirs. Acta Ecologica Sinica, 2021, 41(10) ; 4010-4022. DOI; 10.5846/stxb201911182498. [ iz &, JAfEm, MIGHESE. T HH
IR R IRIAB ) 2 S A R S R T 6 R A7452AH, 2021, 41(10) : 4010-4022. ]

Deng JM, Qin BQ. A review on studies of effects of climate change on phytoplankton in freshwater sytsems. J Lake Sci, 2015, 27(1) : 1-10.
DOI: 10.18307/2015.0101. [ XB#EH], Z&4113R. SBRAEREXNRK WA TR IHAEY) b se k. AR, 2015, 27(1) : 1-10.]

Dai YH, Yang SB, Zhao D et al. Coastal phytoplankton blooms expand and intensify in the 21st century. Nature, 2023, 615 280-284.
DOI: 10.1038/541586-023-05760-y.

Pulsifer J, Laws E. Temperature dependence of freshwater phytoplankton growth rates and zooplankton grazing rates. Water, 2021, 13(11) :
1591. DOI: 10.3390/w13111591.

Nche-Fambo FA | Scharler UM, Tirok K. Resilience of estuarine phytoplankton and their temporal variability along salinity gradients during
drought and hypersalinity. Estuarine, Coastal and Shelf Science, 2015, 158 40-52. DOI. 10.1016/j.ecss.2015.03.011.

Li ZX, Gao Y, Wang SY et al. Phytoplankton community response to nutrients along lake salinity and altitude gradients on the Qinghai-Tibet
Plateau. Ecological Indicators, 2021, 128: 107848. DOI: 10.1016/j.ecolind.2021.107848.

Zimmermann HH, Stoof-Leichsenring KR, Kruse S et al. Sedimentary ancient DNA from the subarctic North Pacific: How Sea ice, salinity,
and insolation dynamics have shaped diatom composition and richness over the past 20,000 years. Paleoceanography and Paleoclimatology,
2021, 36(4) : €2020PA004091. DOI; 10.1029/2020PA004091.

Yang K, Lu H, Yue SY et al. Quantifying recent precipitation change and predicting lake expansion in the Inner Tibetan Plateau. Climatic
Change, 2018, 147(1) : 149-163. DOI: 10.1007/s10584-017-2127-5.

Hinzano SM, Okalo FA, Ngarari MM et al. Phytoplankton distribution along a salinity gradient in two Kenyan salt works (Tana and Kura-
wa) . Western Indian Ocean Journal of Marine Science, 2022, 21(1) : 113-124. DOI: 10.4314/wiojms.v21il.9.

Deng WQ, Sun K, Jia JJ et al. Evolving phytoplankton primary productivity patterns in typical Tibetan Plateau Lake systems and associated
driving mechanisms since the 2000s. Remote Sensing Applications: Society and Environment, 2022, 28 100825. DOI: 10.1016/]. rsase.
2022.100825.

de Carpentier F, Lemaire SD, Danon A. When unity is strength: The strategies used by Chlamydomonas to survive environmental stresses.
Cells, 2019, 8(11): 1307. DOI; 10.3390/cells8111307.

Charalampous E, Matthiessen B, Sommer U. Light effects on phytoplankton morphometric traits influence nutrient utilization ability. Journal

of Plankton Research, 2018, 40(5) ; 568-579. DOI; 10.1093/plankt/fhy037.





