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Core sampling in the wet site by Arivoara Rabarijaona (left). Automated dendrometer newly installed in the Harth site (right) 
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Context — 
The rapid changes in predicted climate conditions is challenging forest managers. They have to identify the tree 
species and provenances that will constitute productive and sustainable forests in the future decades. Species 
distribution modeling could provide them guidance. However, despite significant recent improvements, they still 
consider average species behavior, or, at best, between-population variations, ignoring that within-population 
functional diversity is usually much higher. Indeed, within-population data are extremely rare and the current 
knowledge failed to provide a general understanding of the impact of this functional diversity on the population 
performances. 
  



 
Objectives —  
Our main objective is to evaluate the effect of the intra-population functional diversity on the population resilience 
to drought. This knowledge is necessary to evaluate the relevance of assisted migration as a solution to adapt the 
French managed forests to their future drier environment. Because of its ecological and economical importance, 
as well as for the acquired ecophysiological and genetic knowledge, we select the sessile oak as the species 
model and assess it within two stands with contrasted drought exposure. 
 
Approaches — 
A retrospective approach, based on the analysis of ca 100-year tree-ring chronologies, is used to: 1) study the 
tree response to drought events over a period long enough to estimate their resilience, 2) characterize the trees 
phenotypic variability (each year/ring being considered as a phenotypic expression in relation to a particular set of 
environmental conditions) in relation to their fitness (relative growth will be used as a proxy), 3) analyze the trees 
functional trajectory with aging and its consequence at the population level. 
 
Key results — (presented as separated bullet points) 
The project is still in the phase of data acquisition. Because of the pandemic, measurements and sampling 
started in 2020 in the wet site only and were postponed to 2021 for the dry site. Key results are not yet available 
but we provide below a summary of the work already done or in progress. 

• Radial growth chronologies were built for each of the 104 trees of the wet stand and are currently 
analysed to quantify the resilience to the drought episodes. For the dry stand, the ring width 
measurements are in progress on 103 trees. 

• The Biljou water balance model was ran over the 1959-2018 period to calculate water deficit variations. 

• Based on both growth and climate analyses, a set of 13 years were selected for δ13C measurements. 
Tree rings are currently being extracted for isotopes analysis in the wet site. 

• Sapwood were sampled at the end of summer 2020 (wet site) and 2021 (dry site) for the quantification 
of the maximum level of Non-Structural Carbohydrates. Measurements are in progress. 

• Twenty automated dendrometers have been installed in the dry site in March 2021 (10 healthy trees + 
10 declining trees). Data will be analysed after one full year of collection. 

 
Main conclusions including key points of discussion —  
Not yet available. 
 
Perspectives —  
This study is gathering an original dataset that should first allow us to determine the within-population functional 
diversity, its spatial structure and its changes along stand ageing. Then, the drought-resistance traits expression 
will be related to the individual resilience performance, and finally to the overall resilience of the population. This 
knowledge is necessary to evaluate the relevance of assisted migration as a solution to adapt the French 
managed forests to their future drier environment. 
 
Valorization — 
This study corresponds to the core part of A. Rabarijaona thesis. It will be published in peer reviewed journals 
and presented in international conferences. 
 

Leveraging effect of the project— This project brought us into contact with the Forest Dynamics Unit (WSL), 
which is currently implementing a project similar to ours. A. Rabarijaona will go for a 3 months stay next spring to 
animate this collaboration. 


