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Extended Data Fig. 1 | Map of the study area. The map shows 60 forest sites 
distributed across 12 experimental blocks. Experimental blocks are indicated 
by ellipses labelled with capital letters (A, B, D, F, G, H, J, M, N, O, S, T). Within 
each block, a minimum of four sites were established, differing in experimental 
herbivory treatments. The four treatment combinations (see Methods for 

details) comprised high defoliation risk unsprayed control sites (HC), high 
defoliation risk insecticide-treated sites (HI), low defoliation risk unsprayed 
control sites (LC), and low defoliation risk insecticide-treated sites (LI). In 
addition, blocks B, D, and F contain extra HC sites, here denoted as H2C.
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Extended Data Fig. 2 | Exemplary illustration of the use of the normalized 
canopy development index (NCDI) as a measure of budburst phenology and 
herbivory impact. The diagram is adapted from Bae et al.37, and represents the 
temporal trajectory of NCDI values at single-day level. Note that the DOY values 

in the x-axis are representative for the years 2017 and 2019, and the growing 
season was relatively early in 2018 and 2020 and relatively late in 2021. To account 
for such interannual variations, analyses were conducted with relative measures 
of budburst timing (see Methods for details).
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Extended Data Fig. 3 | Distribution of herbivory index across years and 
treatment conditions. The four treatment combinations (see Methods for 
details) comprised high defoliation risk unsprayed control sites (HC), high 
defoliation risk insecticide-treated sites (HI), low defoliation risk unsprayed 
control sites (LC), and low defoliation risk insecticide-treated sites (LI). Herbivory 

was quantified for each pixel from satellite data. During the outbreak year 2019, 
herbivory was only elevated in HC sites (that is, sites with high egg mass densities 
but not treated with insecticides). Despite the generally higher population 
levels in HC sites in 2019 (the outbreak year), there was substantial variation in 
herbivory among trees.
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