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Differences in community assembly and seasonal dynamics of
generalist and specialist microeukaryotes in the lower
reaches of the Yarlung Zangbo River
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Abstract: [Objective] To compare the compositional differences, assembly characteristics, and
ecological roles of generalist and specialist microeukaryotes between the dry and rainy seasons in
the lower reaches of the Yarlung Zangbo River and to clarify how spatial heterogeneity and
seasonal hydrological fluctuations influence microeukaryotic diversity. [Methods] Water samples
were collected from 34 paired sampling sites in May 2022 (dry season) and July 2023 (rainy
season). Environmental factor measurements, 18S rRNA gene high-throughput sequencing, and
multivariate statistical analyses were conducted to examine the assembly processes, environmental
responses, species associations, and state-transition characteristics of the generalist and specialist
subcommunities. [Results] A total of 14 828 high-quality amplicon sequence variants (ASVs) were
obtained, with 10 240 and 8 737 detected in the dry and rainy seasons, respectively. In the dry
season, 146 generalists and 933 specialists were identified, whereas 526 generalists and 1 420
specialists were identified in the rainy season. The relative abundance of generalists and specialists
was 6.29% and 73.18% in the dry season and 4.45% and 77.49% in the rainy season, respectively.
The composition of generalists and specialists differed significantly in both seasons, and beta
diversity was mainly driven by species turnover. Stochastic processes generally dominated
community assembly, although the relative contributions of ecological processes differed between
the two ecological strategy groups. In the rainy season, dispersal limitation weakened in specialists,
whereas the contribution of deterministic processes increased in generalists, mainly due to
increased homogeneous selection. Binary-state speciation and extinction (BiSSE) parameters
indicated that specialists had higher state-transition rates, suggesting faster state turnover under
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contrasting seasonal conditions. Spatial and water physicochemical factors jointly drove
community differentiation and niche divergence, with latitude, turbidity, and chemical oxygen
demand as the main explanatory variables. Co-occurrence network analysis showed that both
groups contributed to maintaining network complexity and stability, while network simplification
was more pronounced after specialists were removed. [Conclusion] Generalist and specialist
microeukaryotes in the lower reaches of the Yarlung Zangbo River showed marked differences in
community assembly across seasonal transitions. Their distribution was jointly shaped by spatial
heterogeneity, hydrological connectivity, and environmental filtering. Specialists contributed more
strongly to network connectivity and may play a more important role in maintaining community
resilience than generalists.

Keywords: lower reaches of the Yarlung Zangbo River; microeukaryote; generalist; specialist;

community assembly; seasonal dynamics
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Figure 1  Major taxonomic composition and niche-width distribution of generalist and specialist
microeukaryotic subcommunities during the dry and rainy seasons in the lower reaches of the Yarlung Zangbo
River. A: Occurrence frequency, niche width, and relative abundance of ASVs in the dry season, together with the
relative abundances of generalist, specialist, and other ASVs; B: Corresponding results for the rainy season; C:
Composition of the eight most abundant taxa in the generalist and specialist subcommunities in the dry season; D:

Corresponding results for the rainy season.
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Figure 2 Beta diversity partitioning of the microeukaryotic community and its subcommunities in the lower

reaches of the Yarlung Zangbo River during the dry and rainy seasons. A: Dry season; B: Rainy season. Green

indicates microeukaryotes, blue indicates generalists, and orange indicates specialists. Repl denotes the

replacement component, Richdiff denotes the richness-difference component, and 1-f denotes the complement of

beta diversity.
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Speciation, extinction, and state-transition rates of generalists and specialists in the dry and rainy

seasons estimated using the BiSSE model. A —C: Speciation, extinction, and state-transition rates in the dry
season; D—F: Speciation, extinction, and state-transition rates in the rainy season. Orange indicates specialists and
blue indicates generalists; For state-transition rates, orange indicates transitions from specialists to generalists,

whereas blue indicates transitions from generalists to specialists.
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Figure 4 Community assembly patterns of the overall microeukaryotic community and the generalist and
specialist subcommunities in the dry and rainy seasons. A, D: Relative contributions of deterministic and
stochastic processes and their subcategories in the dry and rainy seasons. B, E: Relationships between Bray-
Curtis similarity and geographic distance for the generalist and specialist subcommunities in the dry and rainy
seasons. C, F: Distributions of BNTI for the overall microeukaryotic community and the generalist and specialist
subcommunities in the dry and rainy seasons. Deterministic processes include heterogeneous selection and
homogeneous selection, whereas stochastic processes include dispersal limitation, homogenizing dispersal, and
undominated processes. R* denotes the coefficient of determination, and PNTI denotes the beta-nearest taxon
index. ***: P<0.001.
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Figure 5 Relationships between environmental factors and the overall microeukaryotic community, as well as
the generalist and specialist subcommunities, in the lower reaches of the Yarlung Zangbo River. A, B: CCA
ordinations in the dry and rainy seasons; C, D: Random forest analyses of alpha diversity indices of the generalist
and specialist subcommunities in the dry and rainy seasons. In the CCA plots, points represent samples and
arrows represent environmental factors. In the random forest panels, the upper plots show explained variance, and
the lower heatmaps show correlations between environmental factors and alpha diversity indices; Circle size
indicates importance, and color indicates the correlation coefficient. CCA: Canonical correspondence analysis;
EC: Electrical conductivity; WT: Water temperature; DO: Dissolved oxygen; TUR: Turbidity; TN: Total nitrogen;
TP: Total phosphorus; NH;-N: Ammonia nitrogen; CODcr: Chemical oxygen demand; FV: Flow velocity; ALT:
Altitude; LAT: Latitude; LON: Longitude; PD: Phylogenetic diversity; pH: pH value.
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Figure 6

Co-occurrence network characteristics of the overall microeukaryotic community and its

subcommunities in the lower reaches of the Yarlung Zangbo River. A-D: Dry season; E-H: Rainy season. A, E:

Overall community co-occurrence networks colored by major taxa; B, F: Overall community co-occurrence

networks colored by ecological strategy group; C, G: Co-occurrence networks of the generalist and specialist

subcommunities; D, H: Network modular structure. Nodes represent ASVs, and edges indicate significant

correlations among ASVs. Different colors denote major taxa, ecological strategy groups, or modules. Nodes and

degree indicate the number of nodes and average degree, respectively.
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Figure 7 Heatmap comparison of topological properties between the generalist-specialist subnetwork and the

overall network in the dry and rainy seasons. The generalist-specialist subnetwork was constructed using only

generalist and specialist ASVs, whereas the overall network was constructed from all microeukaryotic ASVs.

Colors indicate the relative values of different network types within each topological metric after row-wise
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Figure 8 Topological roles of generalists and specialists and their effects on network cohesion and robustness in
microeukaryotic communities in the lower reaches of the Yarlung Zangbo River. A, B: Distribution of network
nodes in the Zi-P; plot in the dry and rainy seasons; C, D: Positive and negative cohesion of the overall network
and the networks obtained after removing generalists or specialists in the dry and rainy seasons; E, F: Robustness
of the overall network and the networks obtained after removing generalists or specialists in the dry and rainy

seasons. Z;: Within-module connectivity; P;: Among-module connectivity.
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