
Gut microbiome seasonality 

is associated with dietary plasticity 

and coexistence in three sympatric Pamir
                                

                                 Dilala Tuoliu 1,2,3,4, Lijiao Zhang 1,2,3, Muyang Wang 1,2,3, Wenxuan Xu 1,2,3, 

      Kathreen Ruckstuhl 5 , António Alves da Silva 6 , Joana Alves 6, Hongchen Jiang 7, Weikang Yang 1,2,3

        1State Key Laboratory of Ecological Safety and Sustainable Development in Arid Lands, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences; 

        2China-Tajikistan Belt and Road Joint Laboratory on Biodiversity Conservation and Sustainable Use, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences; 

        3Xinjiang Key Laboratory of Biodiversity Conservation and Application in Arid lands, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences; 

        4University of Chinese Academy of Sciences; 

        5Department of Biological Sciences, University of Calgary;

       6Centre for Functional Ecology (CFE), Associate Laboratory TERRA, Department of Life Sciences, University of Coimbra; 

        7School of Life Sciences, Henan University, Kaifeng

Dilala Tuoliu, Lijiao Zhang, Muyang Wang, Wenxuan Xu, Kathreen Ruckstuhl, António Alves da Silva, Joana 

Alves, Hongchen Jiang, Weikang Yang. (2026), Gut microbiome seasonality is associated with dietary plasticity 

and coexistence in three sympatric Pamir ungulates. iMetaOmics e70135. https://doi.org/10.1002/imo2.70135

https://doi.org/10.1002/imo2.70135
https://doi.org/10.1002/imo2.70135
https://doi.org/10.1002/imo2.70135
https://doi.org/10.1002/imo2.70135


Introduction

Diet and gut microbiome characteristics of 4 sympatric lemur species Microbiome-driven niche partitioning between Argali and blue sheep 
during the growing season

➤ To maintain ecosystem stability, sympatric herbivores mitigate interspecific competition through niche partitioning 
across dietary, temporal, and spatial dimensions.
➤ Fine-scale microbiome specialization plays a crucial role in maintaining niche partitioning among herbivores.



Experimental Design and Multi-omics Methods
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Summary
❑ Established a multi-omics analytical framework for the gut microbiome of sympatric ungulates in the 

Pamir Plateau: Integrated dietary DNA metabarcoding, 16S rRNA amplicon sequencing, deep 
metagenomics, and metabolomics to construct a multidimensional research system. 

❑ Proposed a novel cold-season diet-microbiome synergistic adaptation strategy, challenging the classic 

“winter diversity suppression” hypothesis: Demonstrated that in winter, hosts effectively mitigate 
interspecific food competition by broadening dietary breadth and increasing gut microbial diversity.

❑ Elucidated the high synergy between seasonal gut microbiome restructuring and niche partitioning: 

Revealed that dietary overlap among hosts significantly decreases in winter, while the functions of the 
core gut microbiota undergo an adaptive shift towards highly efficient cellulose degradation and short-
chain fatty acid (SCFA) synthesis.

❑ Uncovered a microbiome-mediated “nutritional safety net” compensatory strategy: Discovered the 

specific enrichment of riboflavin (Vitamin B2) in winter Marco Polo sheep and a significant increase in 
gut butyrate in Siberian ibex, revealing key pathways for microbe-driven energy and vitamin 
compensation under extreme nutritional stress.
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