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Rapidly changing climate promotes epidemic insect outbreaks and has caused large-scale herbivory-induced forest
mortality with major consequences for ecosystem functions, atmospheric processes and global biogeochemical
cycles. However, the physiological linkages between climate change, tree defense and biotic attack are still not
well understood, hindering our ability to realistically predict biotic attack-driven tree mortality under ongoing
climate change.
Here we propose an interdisciplinary research agenda for developing a mechanistic framework of conifer tree
defense, aiming to close a crucial knowledge gap in predicting biotic disturbance dynamics under climate change.
Our agenda spans field manipulations, laboratory experiments and vegetation modelling, and focuses on a major
forest pest, bark beetles, as a model system. Our approach builds upon existing theory and assumptions: 1) there is
a trade-off in tree carbon allocation between primary (e.g. growth, storage and osmoregulation via non-structural
carbohydrates), and secondary metabolism (e.g., protection and defence via secondary metabolites); 2) secondary
metabolites are a main chemical component of tree defence against bark beetles and associated fungi and affects
colonization success; and 3) implementing conifer tree-bark beetle interactions in current vegetation simulation
models improves predictions of forest disturbance in a changing climate. Our framework provides guidance for
addressing a major shortcoming in current implementations of large-scale vegetation models, i.e. herbivory induced
tree mortality.


