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Fig. 1 Distribution of sampling sites in the source region of the Yellow River
G1-G15: sampling sites in the main stem; Z21-724, Z32—-745: sampling sites in the tributaries.
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Tab.1 The environmental characteristics in the source region of the Yellow River in spring and summer

n=33; x£SE

HEEFEHR environmental index # 2= spring B Z& summer P

JKiR/C WT 8.53+2.88" 12.05+2.65 0.00
TR pH 8.59+0.15" 8.35+0.15 0.00
i %8/(mg/L) DO 7.06+0.45" 7.71£1.15 0.00
H, 5% /(mS/cm) Cond 489.88+187.00 485.15+174.94 0.92
W% /m SD 37.92+28.78" 24.56+18.62 0.03
44 % a/(mg/m®) Chl.a 12.06+10.41" 2.74+1.92 0.00
UEE/NTU Turb 72.42£102.57 109.46+91.73 0.13
Wi /(m/s) FV 0.79+0.34 0.66+0.46 0.23
[ 58 /m RW 66.31£67.39" 136.44+112.27 0.00
#3/m ASL 3781.90+448.99 3727.80+454.47 0.63
S/ (mg/L) TP 0.18+0.24 0.14+0.18 0.38
BAF R/ (mg/L) TN 1.16+1.51 1.48+1.18 0.35
BIFYUE /(mg/L) SS 112.06£175.11 143.12+145.59 0.44
A BR LR /(mg/L) CODy, 3.86+2.19" 2.63+1.44 0.01

o * =T 25 5 B (P<0.05), **Z=5 22 il i #(P<0.01).

Note: * means the significant difference in season (P<0.05), ** means the extremely significant difference in season (P<0.01).
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Fig. 2 The proportions of land cover types in the source region of the Yellow River
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Fig. 3 The species composition of phytoplankton in the source region of the Yellow River
a: Species numbers in different periods of time, b: Annual number of species of every sampling site in the whole year; G1-G15:
sampling sites in the main stem; Z21-Z24, Z32—745: sampling sites in the tributaries.
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Fig. 4 Distributions of phytoplankton density and biomass in the source region of the Yellow River
in Spring (a) and summer (b); G1-G15: sampling sites in main stem, Z21-Z24, Z32-745: sampling sites in tributaries.
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<
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R SERIREE R Diatoma moniliforme 0.036 0.021
0
H J Ik KAFEEE  Cymbella turgidula 0.022 0.022
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Fig. 5 The diversity indices of phytoplankton
in the source region of the Yellow River
*means the difference of index is significant, **means the

Note: — means no value.

difference of index is extremely significant; gﬁ‘f@?ﬁﬁ%gﬁﬁ?@éﬁ*@ j{‘?ﬁ'ﬁﬂ(%ﬁ%fﬂ’fh ?‘ﬂ"n
d: Margalef’s richness index; /": Shannon-Winener 25 VR AE HEATRE DG P40 HT, 205 55 2 U VR YA 4o 2

diversity index; J: Pielou’s evenness index.
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Fig. 6 The correlation between community structure of phytoplankton and environment factors in spring and summer
The horizontal axis indicates species parameters, and the vertical axis indicates environmental parameters; the color from red to
blue indicates high to low correlation degree, respectively. SPN: species numbers, SPB: species biomass, SPD: species density,
H': Shannon-Wiener diversity index, J: Pielou’s evenness index, d: Margalef’s richness index,

GP: grassland proportion, BP: bareland proportion.
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spe.15: /NERE; spe.16: /INEIHE; spe.17: FHE#E; spe.18: St AP L0,
Fig. 7 Redundancy analysis of phytoplankton and environment factors in spring and summer
a. Redundancy analysis in spring, b. Redundancy analysis in summer; spe.l: Synedra ulna; spe.2: Fragilaria biceps;
spe.3: Fragilaria intermedia; spe.4: Navicula perrostrata; spe.5: Navicula cincta; spe.6: Navicula exigua,
spe.7: Navicula rhynchocephala; spe.8: Diatoma moniliforme; spe.9: Diatoma vulgare; spe.10: Cymbella sp.;
spe.11: Cymbella tumida; spe.12: Cymbella turgidula; spe.13: Cymbella lanceolata; spe.14: Gomphonema subclavatum;
spe.15: Cyclotella sp.; spe.16: Oscillatoria tenuis; spe.17: Navicula sp.; spe.18: Pinnularia viridis.
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Dynamics and environmental drivers of the phytoplankton community
in the source region of the Yellow River
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Abstract: The source region of the Yellow River is located in the eastern region of the Qinghai-Tibet Plateau and
the ecological environment in the basin is fragile. The climate in this area is classified as plateau sub-cold zone,
semi-humid and plateau temperate zone, semi-humid. The annual rainfall is approximately 300 mm, and the
average annual water temperature is 3.4-7.2 C. As the global climate is changing and human activities are
increasing, the ecological environment of the basin is confronting great pressure. The protection and restoration of
the environment around the Yellow River has become the focus of human society. To explore the characteristics of
the phytoplankton community structure and its relationship with environmental factors, two comprehensive
investigations were undertaken in the main stem and tributaries of the Yellow River in the spring and summer of
2023, respectively. The total length of the survey site of the river was 1200 km. Phytoplankton samples were
collected from 33 survey stations along the source region of the Yellow River. The environmental parameters
including water temperature, dissolved oxygen level, conductivity, turbidity, pH, chlorophyll a level, suspended
solid levels, flow velocity, river width, transparency, altitude, latitude, and longitude were collected in the field.
One liter of water was collected in a polytetrafluoride bottle and returned to the laboratory for analyses of water
quality indices, including total nitrogen and total phosphorus levels and the potassium permanganate index. In
total, 235 species of phytoplankton belonging to seven genera were identified, with an average density and
biomass of 182.75x10* cells/L and 55.35x107° mg/L, respectively. Diatoms were the dominant species, accounting
for 72.31% of all species. Seasonal changes in species composition and abundance existed, but were not
significant. From the perspective of spatial dynamics, the phytoplankton species and their abundance in the main
stem proceeded to the tributaries. The number of phytoplankton species was highest in the downstream area, and
the average density and biomass of phytoplankton were highest in the middle reaches. The Shannon-Wiener
diversity index, Margalef’s richness index, and Pielou’s evenness index values were 2.87+0.66, 6.65+0.94, and
0.77+0.17, respectively. Biodiversity analysis showed that the diversity index values of the phytoplankton
community were higher in spring than in summer, and these seasonal differences were highly significant. There
were nine dominant species of phytoplankton, mainly belonging to Bacillariophyta. The dominant species in both
spring and summer were Fragilaria intermedia, Fragilaria biceps, Synedra ulna, Diatoma moniliforme, and
Cymbella turgidula. Correlation analyses between the phytoplankton community structure and environmental
factors showed that the influencing factors of the phytoplankton community structure were different in spring and
summer in the source region of the Yellow River. The main factors affecting phytoplankton density and biomass in
spring were altitude, river width, and flow velocity, while in summer the main factors were the potassium
permanganate index value, chlorophyll a level, suspended solid level, and transparency. The results of this study
provide an important foundation for scientific decision-making regarding basin ecological environment protection
and management in the Yellow River.
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