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Abstract: Arid and semi-arid regions occupy nearly half of China’s terrestrial area. Under ongoing climate change, how drought
stress affects aquatic organisms remains poorly understood. This study selected the Ningxia section of the Yellow River Basin, a
typical zone of aquatic ecological evolution in the arid and semi-arid regions of Northwest China, to explore the effects of drought-
related hydrological factors (DHFs) on phytoplankton communities. We established 66 sampling sites covering the mainstream,
tributaries, lakes and reservoirs of the study area and carried out aquatic ecological surveys in October 2023. Hierarchical cluster
analysis, non-metric multidimensional scaling (NMDS) and analysis of similarity (ANOSIM) were used to characterize the spatial
distribution patterns and intergroup differences of phytoplankton communities. Mantel test, redundancy analysis (RDA) and
variance partitioning analysis were further applied to clarify the response mechanisms of phytoplankton communities to DHFs.
A total of 143 phytoplankton species (including varieties) belonging to 7 phyla and 81 genera were identified in this study. The
phytoplankton community was predominantly composed of diatoms and chlorophytes. Diatoms accounted for 39% of the total
species number and 47% of the total biomass. DHFs presented obvious spatial heterogeneity throughout the study area, with
coefficients of variation (Cy) of 2.04 for turbidity, 2.03 for TN/TP mass ratio, and 1.66 for total dissolved solids (TDS). The Cys
of phytoplankton cell density and biomass were 1.84 and 1.42, respectively. The average TN/TP mass ratio of the study area was
91.15, indicating strong phosphorus limitation. Based on Bray-Curtis distances, hierarchical cluster analysis divided
phytoplankton communities into four groups with significant spatial heterogeneity (ANOSIM: R=0.783, P=0.001), and all DHFs
differed significantly among the four groups. The results of Mantel test and RDA showed that pH, turbidity, chemical oxygen
demand (COD) and total phosphorus (TP) were the key factors driving the structural variation of phytoplankton communities.
Variance partitioning analysis indicated that DHFs independently explained 12% of the variation in phytoplankton communities,
which was six times the explanatory rate of conventional nutrient factors (2%). This study confirms the regulatory role of drought
in shaping the structural variation of phytoplankton communities and provides a new perspective on the formation mechanisms
of phytoplankton spatial patterns in arid aquatic ecosystems.
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W) R TWEHEBE Microcystis spp. 0.02 0.02
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Tab. 2 Characterization of water environment factors in Ningxia
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TN/( mg/L) 3.83 21.80 0.19 1.44
TP/( mglL) 0.08 0.37 0.01 0.79
TN/TP(Jii & L) 91.15 1090 5.13 2.03
TDS/( mg/L) 5368.46 31772 239 1.66
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Fig 5 Comparison of environmental factors based on hierarchical clustering grouping
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