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Abstract: To understand the spatio-temporal of phytoplankton communities and their key environmental drivers in the Lake Qing-
hai, we conducted a systematic survey during May ( Spring) , August ( Summer) , and October ( Autumn) in 2020, and examined
how phytoplankton communities varied among three seasons and four regions (lakeshore zone, inlet zone, shallow zone, and deep
zone ). A total of 65 species belonging to 39 genera and 6 phyla were identified, with Bacillariophyta (36 species, accounting for

55.38% of the total species) being the species-richest class, followed by Chlorophyta (17 species, 26.15% ), and Cyanophyta (7
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species, 10.76% ). The abundance of phytoplankton differed significantly among four regions, with significantly higher values in
deep zone than other zones, probably due to the more stable environment in deep zone. There were also significant differences in a-
bundance and biomass of phytoplankton among the three seasons. The abundance and biomass of phytoplankton in summer and au-
tumn were nearly 10 times higher than those in spring, and the dominant groups and species of phytoplankton also changed greatly.
The most dominant class in Spring was Bacillariophyta, and the dominant species were also belonged to Bacillariophyta, while the
dominant group and species in Summer and Autumn became Cyanophyta and its subset species. The Pielou’s evenness and Simpson
diversity indices of phytoplankton in Spring were significantly higher than those in Summer and Autumn, and the Margalef and
Shannon-Wiener indices showed higher values in Autumn than in Summer. PERMANOVA and NMDS both indicated that the struc-
ture of phytoplankton communities varied significantly among different regions and seasons in the Lake Qinghai. In addition, the
dbRDA analysis showed that salinity, water temperature and total phosphorus were the key environmental factors affecting the phy-
toplankton patterns in the Lake Qinghai. Compared with the historical surveys, this study indicated that the main dominant groups
of phytoplankton community in Lake Qinghai gradually changed from Bacillariophyta to Cyanophyta. This study reveals the spatio-
temporal pattern and key driving factors of phytoplankton communities in the Lake Qinghai, which can provide theoretical support
for the subsequent protection and management of the Lake Qinghai.
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Fig.1 Distribution of sampling sites in Lake Qinghai
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Tab.1 Dominant species and dominance index of phytoplankton in Lake Qinghai
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JEBREE Coelosphaerium sp. — 0.037 0.036
M/NBREREE Aphanocapsa elachista — 0.393 0.045
253 17] Chlorophyta PRHERE Oocystis sp. 0.098 — —
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Tab.2 Permutational analysis of variance (PERMANOVA) results for the phytoplankton

communities in relation to region and season in Lake Qinghai

Ve e H i df Y75 F1 MS Pseudo-F P(prem) Unique perms
[X dak 2 21795.000 1.849 0.002 999
Z=T 3 956.850 42.114 0.001 999
[X Jaf x 254 6 585.950 1.132 0.207 999
5% 48 517.520
B 59
* HLIAFR P {H<0.05,

2.3 FHFEYERERFHXER

dbRDA 3 Hr&s o, 4k BE W I TP 2 52 0 7 16 18 V5 e AL 400 1 1 25 0 A1 110 D SR R B IR - ( P<
0.05) , [Al B}, BOD; i 42 307 & 35 7K (P =0.058) . 3% 4 BR8N 7 A figt B 17 39.0% A B 7% &5 #4254k
(Adj.R*=0.390) (& 5.% 3) ,

R 3 WM RIS 454 S PRI 709 dbRDA 3445 R
Tab.3 Summary results of distance-based redundancy analyses (dbRDA) between phytoplankton

communities and environmental factors in Lake Qinghai

WS Adj.R? Pseudo-F P
hpEE 0.324 29.229 0.001
WT 0.353 3.664 0.006
TP 0.378 3.261 0.012
BODs 0.390 2.076 0.058
# fIARR P {E<0.05,
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Fig.3 Abundance, biomass,taxa richness, and diversity indexes of phytoplankton at
4 regions among 3 seasons in Lake Qinghai
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Tab.4 The data of phytoplankton in Lake Qinghai in different investigation periods
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7.32 fEMET] 23 2006— 2007 4F T HE B4, 2008132
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Appendix [ Physical and chemical characteristics of the 4 regions in 3 seasons and Kruskal-Wallis

results in the Lake Qinghai (Those P-values < 0.05 are bold)

WT DO CODwn COD BODs TN NH4*-N NOs-N TP
HALEHE T pH Cl-/(mg/L) LI/ %o
I(C) /(mg/L) /I(mg/L) /(mg/L) /(mg/L) /(mg/L) /I(mg/L) /I(mg/L) /(mg/L)
W HE 8.75+1.55 8.8440.28 7.36+1.24 2.1040.18 28.25+11.59 0.5540.10 0.860.20 0.09+40.02 0.2540.45 0.0240.01 6270.0046567.28 11.3241.20
HE 16.3+1.69 9.3440.37 6.6340.26 2.65+.11 37.0044.24 0.7840.43 0.9540.21 0.1840.23 0.0420.03 0.0240.02 5242.50+191.03 9.4640.34
€= 10.74.27 9.0940.46 6.3540.75 2.73+1.20 34.258.75 0.8340.39 0.9940.26 0.0940.10 0.0240.02 0.03#0.02 5302.50+142.21 9.5740.26
KX HE 9.2620.76 9.4340.25 6.69+1.34 2.0440.17 42.2946.26 0.6140.17 0.7940.05 0.050.02 0.0340.01 0.01+0.00 5960.004417.29 10.7640.75
HE 15.91+.6 9.0640.11 6.3240.66 2.2430.21 40.1445.61 0.5040.00 0.7840.03 0.080.03 0.0340.01 0.0240.01 5058.57+134.22 9.1340.24
(€= 10.4940.16 9.0040.97 6.5440.65 1.9940.15 36.8644.02 0.530.08 0.7140.08 0.0640.03 0.0340.04 0.0240.01 5231.434355.92 9.4410.64
AKX HE 8.60+1.18 9.24#0.19 5.87+1.13 1.9740.15 39.33#4.32 0.6520.10 0.8140.05 0.0340.01 0.0240.01 0.01+0.00 5890.00+120.50 10.6340.22
HFE 15.73+1.58 9.1040.13 6.5740.49 2.2740.18 41.67+1.75 0.50+0.00 0.7940.04 0.060.03 0.0340.01 0.01+0.00 5151.67+145.66 9.3040.26
K 10.62+1.18 9.3440.15 6.40+1.01 2.0540.16 37.8343.06 0.5340.05 1.47H.73 0.060.02 0.0140.01 0.0240.02 5458.33494.53 9.8540.17
WRKIX HE 7.83%2.37 9.3840.44 6.42+1.75 2.0040.17 42.33+2.31 0.8320.12 0.7720.04 0.0340.02 0.0240.01 0.01+0.00 5983.33+198.58 10.8040.36
HFE 15.67+1.53 9.030.06 6.4440.36 2.3340.21 43.00+2.65 0.5040.00 0.7520.02 0.040.01 0.0240.01 0.01+0.00 5180.00481.85 9.3540.15
(€= 10.3340.83 9.3620.09 6.3040.17 2.0040.10 39.0048.00 0.530.06 0.7520.08 0.0540.02 0.0140.00 0.0240.01 5596.67+104.08 10.1040.19
K-W #6556 P 0.978 0.440 0.402 0.750 0.004 0.325 0.041 0.057 0.129 0.227 0.457 0.637
P <0.001 0.022 0.691 0.001 0.024 0.007 0.466 0.088 0.001 <0.001 <0.001 <0.001
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Appendix Il Mean values + SD of relative abundance of genera of phytoplankton in the Lake Qinghai (Those
dominant genera are bolded)
] & HE HZ Kz
fik7% ] Bacillariophyta  ffitT% /& Fragilaria - 0.03 +0.13 0.06 +0.18
%5 A )& Diatoma - 0.18 £0.28 0.15+0.31
)8 # )% Ceratoneis - 0.01 £0.05
£ FF 7 & Synedra 0.64 +1.70 0.06 +0.19 0.14+0.28
JH 4% )% Eunotia - 0.20 + 0.46 0.75+1.57
32 %% )& Nitzschia 0.19+0.86 0.06 +0.26 0.10+0.14
PF5 5% Cymbella 0.18 0.8 0.4+1.19 0.11£0.18
X JE #:J& Amphora - - 0.04 +0.1
547 )& Comphonema 0.24 +1.06 - -
YN JEE)E Cocconeis 1.15£2.12 0.45 +0.86 1.19+2.25
i 5% 7% )8 Achnanthes - 0.06 +0.25 0.11 £0.20
4% )& Stephanodiscus - 0.40 + 0.46 0.86 % 0.65
/NEREJE Cyclotella 40.02 +11.98 6.79 +3.58 9.59 +4.70
i 4L JE Gyrosigma - 0.01 +0.05 -
H & Amphiprora - - 0.06 +0.15
Jih4%8 )R Frustulia - - 0.16 +0.38
PIEGE 8 Pinnularia 0.10 £ 0.45 - 0.01 +0.06
F1T% # R Navicula 4.49 £4.95 0.65 +0.80 2.01+£2.52
#5317 Cyanophyta B2 3R Lyngbya 27.12 +13.34 48.92 +9.22 48.06 + 8.94
Jx BRE JE Coelosphaerium - 3.71 £2.69 3.57 £2.90



P24 )8 Merismopedia
a3k 8 Aphanocapsa
a2k JE Chroococcus

10.19 £11.25
3.93£5.35
0.48 £1.11

17.25+9.58
4.54£5.73
0.56 £ 1.66

£33 7] Chlorophyta

FAH; )& Stigeoclonium
BB Oocystis
1<% J& Chlamydomonas
5JEiEJE Schroederia
£F4E 8 Ankistrodesmus
FERE R Planktosphaeria
JFBE% 8 Quadrigula
BR¥EHE R Sphaerocystis
T Bk & Tetrachlorella
+57# )& Crucigenia
/NERTEJE Chlorella

Hit 8 Scenedesmus

19.32 £9.65
0.28 +£0.89
0.15 +£0.68
0.15 +0.68
1.87 £2.47
0.20 £ 0.89
0.92 +£1.50
2.16+£2.78
0.29 £ 0.95

23.36 £9.07

0.08 £0.21
0.05+£0.24

0.05+0.24
10.51 +£5.13

0.08 +£0.25

F {17 Pyrrophyta

# F 8 Glenodinium
HR 8 R Gymnodinium

0.20 +0.89

0.01 +£0.04

F& 317 Cryptophyta

W [%38 J& Chroomonas

0.03 +0.09

3 7 Euglenophyta

FEWL )8 Trachelomonas

0.32+0.99
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Attached Table III Repeated measures ANOVA of effects of 4 regions among 3 seasons in on taxa richness,

abundance, biomass, and diversity indices in the Lake Qinghai

F P ZHE I
*B
X 45k 6.073 0.006 BRKIXSHEAKIX, HEKIX,
el 61.369 <0.001 HEEvs HE, KE
ZEAT X, 0.819 0.564
g
X 43 1.693 0.209
&St 24,629 <0.001 T vs 7 vs Bk
Z 4 X 3, 0.478 0.819
E/LLL
X 42§ 6.881 0.003 HEKIX>HEKIX, =
E=St) 16.473 <0.001 FEvs HFEvs KFE
ZT X, 1.470 0.236
Shannon-wiener £
X 35, 4232 0.022 BEAR X >TR AKX
B 4.410 0.021 "= vs
3 X I8} 1.183 0.340
Margalef %
XI5 6.564 0.004 HKX>HIKX, HKX
Zy 6.512 0.006 B2 vs ;E
ZEAT X, 2.537 0.046 HE vs HF KF
Pielou 3551
X 45, 2.21 0.127
= 24.368 <0.001 HEvs HE, KE
3 X I8 0.675 0.653
Simpson M
X5 1.887 0.172
eSS 5.821 0.007 HEvs HE, KE
4 X I8k 0.56 0.755

AR R P {H< 0.05.
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Attached Table IV Pair-wise tests among regions

B eSS *ZE
t P(perm) t P(perm) t P(perm)
Wy, KX 1.242 0.131 1.416 0.102 1.003 0.443
WEERT, KX 1.768 0.009 0.511 0.919 0.739 0.855
W, IRAKX 1.764 0.048 0.885 0.625 0.759 0.675
HEKIX, HAKIX 1.186 0.173 1.486 0.058 0.989 0.428
HEKIX, HKIX 1.372 0.095 0.939 0573 1.068 0.338
AKX, HOKIX 1.025 0.470 0.958 0.536 0.753 0.879
*EAR I E R P 1< 0.05.
MRV W E BT L
Attached Tab. V Pair-wise tests among seasons

VN KX HKIX AKX
Groups t P(perm) t P(perm) t P (perm) t P (perm)
5F, 5% 3.895 0.030 4.437 0.002 3.810 0.006 4.383 0.098
5%, KF 4.436 0.025 4509 0.002 4334 0.002 4252 0.094
B2, KE 1.212 0.229 1.503 0.030 1.713 0.008 1.166 0.200

xRN IR P {E< 0.05.





