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Abstract

Biological networks are almost never fully or uniformly observed, yet
network-based inference often proceeds as if they were. This thesis devel-
ops mathematical and statistical tools for understanding what observed net-
work structure can and cannot resolve, across four studies in microbiology
and ecology. I show that interaction topology in a bacterial signaling network
predicts phenotype where gene expression cannot; that differential species de-
tection confounds trait-based inference in lemur-plant trophic networks; that
latent rate differences are often unidentifiable from biased count data without
informative priors; and that degree-level sampling bias in bipartite networks
generates spurious modular structure detectable via eigenvector alignment.
Together, these results offer a coherent framework for honest inference from
incomplete network data.



