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Abstract: Lakes on the Qinghai-Tibet Plateau are significantly affected by climate change. Rapid warming-induced lake expansion and
salinity decline are altering the physical environment within lakes, which in turn affects their ecological processes. However, the
differences in the vertical distribution of phytoplankton biomass between the thermal stratification period and the mixing period in plateau
lakes remain incompletely understood. Based on comprehensive observational data from 10 large plateau lakes during the thermal
stratification and mixing periods from 2024 to 2025, combined with historical high-resolution and continuous lake water temperature
profiles, this study analyzed the differences in phytoplankton biomass (represented by chlorophyll a) between the two periods and
discussed the regulatory mechanisms of thermal stability and density barriers driven by salinity gradients on the spatiotemporal variation
of chlorophyll a. The results showed that changes in the lake thermal structure dominated the vertical differentiation of chlorophyll a, and
the chlorophyll a concentration in most lakes during the thermal mixing period was significantly lower than that during the thermal
stratification period. During the thermal stratification period, chlorophyll a in Bamu Co, Selin Co, and Zhari Namco exhibited a typical
deep chlorophyll maximum (DCM) phenomenon in the vertical direction (the peak chlorophyll-a concentration in Bamu Co were 6.15
ng/L and 4.10 pg/L in 2024 and 2025, respectively; the peak chlorophyll a concentration in Zhari Namco was 7.10 pg/L in 2024; the peak
chlorophyll a concentration in Selin Co was 3.97 pg/L in 2024). Specifically, the surface concentration was low, a significant peak formed
in the thermocline with increasing depth and reached the maximum value, and then gradually decreased in the deep water layer. Not all
lakes followed this pattern; for example, although Peiku Co and Tangra Yumco exhibited thermal stratification, there was no significant
difference in the vertical distribution of chlorophyll a concentration. During the thermal mixing period, the vertical distribution of
chlorophyll a concentration in the lakes was uniformly distributed, and the overall chlorophyll a concentration was at a low level (the
maximum chlorophyll a concentration in Zhari Namco during the mixing period in 2025 was 2.61 pg/L, and that in Selin Co was 2.40
ug/L). In addition, the high-salinity water in the lower layer (below 20 m) of Dagze Co formed a stable salinity thermocline, resulting in
the lake maintaining a state of density stratification throughout the year. This unique physical structure makes the vertical distribution
pattern of chlorophyll a significantly different from that of other lakes controlled solely by thermal stratification. The results of this study
indicate that changes in the thermal structure control the vertical distribution pattern of chlorophyll a in plateau lakes, while the stable
salinity stratification in Dagze Co can form a perennial effective physical barrier and dominate its unique vertical distribution pattern.
Therefore, the vertical distribution characteristics of phytoplankton biomass in plateau lakes are determined by lake thermal stratification
and high salinity.
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Fig.1 The distribution of sampling points in the Qinghai-Tibet Plateau lakes. The red points in the map are the sampling positions
(a) General map (b ) Dagze Co (¢ )Bamu Co (d) Nam Co ( ¢ ) Tangra Yumco ( ') Peiku Co ( g ) Langa Co (' h ) Zhari Namco (i)
Bangong Lake ( j ) Kongmu Co (k) Selin Co.
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Tab.1 Lake overview and water temperature profile observation
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Fig.2 Seasonal variations in water temperature profiles of large lakes on the Tibetan Plateau
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Fig.4 Vertical distribution of chlorophyll-a and water temperature in lakes on the Tibetan Plateau during the thermal stratification

period ( MLD is the depth of mixed layer in the figure )
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Fig.5 Vertical distribution of chlorophyll-a and water temperature in lakes on the Tibetan Plateau during thermal mixing period
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