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Abstract: [Objective] To characterize the successional dynamics of bacterial and fungal
communities during leaf litter decomposition and elucidate the associations between keystone taxa
and substrate component losses, thereby advancing our understanding of microbial regulation
during litter decomposition in forest ecosystems. [Methods] We established an indoor microcosm
with the leaf litter from Alnus cremastogyne to track microbial community succession during the
litter decomposition. High-throughput sequencing, chemical composition analysis, and bacterial-
fungal cross-domain co-occurrence network analysis were integrated to characterize microbial
community dynamics, identify keystone taxa, and test their associations with loss rates of major
chemical components across four decomposition stages (initial, 45%, 75%, and 90% mass loss).
[Results] At the phylum level, bacterial and fungal community composition showed only minor
changes in relative abundance across stages, with Pseudomonadota (relative abundance of 50% —
80%) dominating bacterial communities and Ascomycota (>95%) dominating fungal communities.
In contrast, pronounced stage-dependent succession was observed at the genus level.
Decomposition stage accounted for substantial variations in bacterial (R°=0.573, P<0.001) and
fungal (R*=0.377, P<0.001) community structures. With the progression of decomposition, cross-
domain networks exhibited increased nodes and connectivity and shifted from loose to modular
structures, with positive correlations consistently exceeding negative correlations. The number of
keystone taxa increased over time and became progressively dominated by fungi. During the first
three decomposition stages, the number of bacterial nodes accounted for approximately 75% of
total nodes, whereas at the 90% decomposition stage, the number of fungal nodes increased
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markedly (from 103 to 320), resulting in comparable proportions of bacterial and fungal nodes. At
the 45% decomposition stage, keystone bacterial taxa were primarily associated with losses of non-
structural components and hemicellulose, whereas at the 75% and 90% decomposition stages,
keystone fungal taxa were more closely associated with cellulose and lignin losses. Functional
predictions further supported this stage-specific division of labor, indicating stronger potential of
structural carbon degradation at the late stages of decomposition. [Conclusion] Bacteria and fungi
jointly participate in 4. cremastogyne leaf litter decomposition with temporally differentiated
contributions. Bacteria play a more prominent role during early and middle stages, whereas fungi
become increasingly important at late stages. These findings indicate coordinated shifts in
microbial community structure and resource utilization rather than simple taxonomic replacement,
contributing new insights into microbial regulation during litter decomposition.
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Figure 1  Species composition of bacterial and fungal communities at the phylum and genus levels across

decomposition stages. A: Top 10 bacterial taxa at the phylum level (Unassigned sequences were merged into
Others); B: Top 15 bacterial taxa at the genus level; C: Top 9 fungal taxa at the phylum level (All fungal phyla
detected in this study are shown); D: Top 15 fungal taxa at the genus level (IS denotes the initial stage, and
D45%, D75%, and D90% denote the 45%, 75%, and 90% decomposition stages, respectively).
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Figure 2 Diversity of bacterial and fungal communities in the litter microhabitat across decomposition stages.

A: Bacterial alpha diversity (Richness and Shannon indices); B: Fungal alpha diversity (Richness and Shannon
indices); C: PCoA of bacterial communities based on Bray-Curtis dissimilarities at the ASV level; D: PCoA of

fungal communities based on Bray-Curtis dissimilarities at the ASV level. Different lowercase letters indicate

significant differences

decomposition stages.
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Figure 3  Cross-domain co-occurrence network analysis and keystone taxa of bacteria and fungi in the litter
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microhabitat across decomposition stages. A—D: Cross-domain (bacterial-fungal) co-occurrence networks at the
initial stage (IS) and at 45%, 75%, and 90% decomposition stages; E—H: Proportional contributions of bacterial
and fungal nodes and the relative abundance of key taxa in the stage-specific networks; Networks were
constructed using ASVs filtered by relative abundance >0.05%, Spearman’s correlation |r| 0.6, and FDR-
adjusted P<0.05; Nodes are colored by phylum, and node size is proportional to degree centrality; Edge color

indicates positive or negative associations, and edge width represents association strength.
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Table 1  Topological properties of bacterial-fungal cross-domain co-occurrence networks across four litter
decomposition stages

Decomposition  Nodes Bacterial

Fungal  Positive = Negative = Network  Modularity = Average  Average
stage nodes nodes edges edges density degree path length
IS 427 331 96 1 060 662 0.018 9 0.628 8.066 3.91
D45% 384 292 92 793 631 0.019 4 0.601 7.417 3.98
D75% 417 314 103 1049 980 0.023 4 0.553 9.731 3.67
D90% 635 315 320 1979 1326 0.022 8 0.686 10.410 3.60

Networks are strictly bipartite (bacterial-fungal) and include only inter-domain edges; thus the conventional triangle-based clustering

coefficient is zero/not informative and was not reported.
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Figure 4 Topological role analysis of bacterial-fungal cross-domain co-occurrence networks across litter
decomposition stages. A—D represent the Z;-P; distributions at the initial stage (IS), 45% decomposition (D45%),
75% decomposition (D75%), and 90% decomposition (D90%), respectively. Circles denote bacteria and triangles
denote fungi; Nodes were classified according to the Z;-P;criteria (Z;=2.5; P=0.62) into peripherals (Z;<2.5 and

Pi<0.62), connectors (Zi<2.5 and P>0.62), module hubs (Z>2.5 and P;<0.62), and network hubs (Z>2.5 and
P>0.62).
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Figure 5 Redundancy analysis of keystone microbial genera and chemical component loss rates across

decomposition stages. A: Redundancy analysis ordinations at 45% decomposition stage; B: Redundancy analysis
ordinations at 75% decomposition stage; C: Redundancy analysis ordinations at 90% decomposition stage. Black
arrows indicate vectors of chemical component loss rates; Percentages in parentheses on axes indicate the

explained variation by the first two constrained axes; Total R? indicates the total constrained explained variation,

and adjusted R’ indicates the adjusted explained variation.
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Figure 6 Functional predictions for keystone taxa across litter decomposition stages. A: Functional predictions

for keystone bacterial amplicon sequence variants using FAPROTAX, with values standardized as Z-scores; B:

Functional predictions for keystone fungal amplicon sequence variants using FUNGuild, with values standardized

as Z-scores.
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