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[image: ]Abstract 
The current environmental changes stressing the Earth’s biological systems urgently require study from an integrated perspective to reveal unexpected, cross-scale interactions, particularly between microbes and macroscale phenomena. Such interactions are the basis of a mechanistic understanding of the important connections between deforestation and emerging infectious disease, feedback between ecosystem disturbance and the gut microbiome, and the cross-scale effects of environmental pollutants. These kinds of questions can be answered with existing techniques and data, but a concerted effort is necessary to better coordinate studies and data sets from different disciplines to fully leverage their potential.Fig. 1. Conceptual framework identifying key components of the ecological hierarchy linking: (1) Individuals of a particular taxa and the various attributes with additional datasets associated [e.g., voucher specimens, their associated tissue samples, DNA samples, skeletal material, associated parasites (i.e., endoparasite, ectoparasites, blood parasites, and viruses), microbiomes (e.g., gut, skin, and fecal), and dataset from hair samples (i.e., stress hormone, isotope profiles, metabolites, disease prevalence, and parasite loads)]. (2) Population’s dynamics and (3) community structure, quantifying various dimensions of biodiversity (e.g., TD, FD, and PD), and potential changes along gradients. Population and community structure should be coupled with (4) ecosystem and (5) landscape-level datasets to understand the impact that human-driven environmental change impacts their structure. Finally, landscape-level modeling can be valuable for inference and modeling of even bigger picture analyses at the (6) biosphere level as we assess the interplay between local, regional, and landscape-level processes and biodiversity patterns react to global changes (e.g., climate change). Phylogeny was con- structed using Steppan and Schenk (2017) beast concatenated dataset. Figure was created on BioRender.com.
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