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Forests cover 

31% of the global 

land area but are 

not equally 

distributed around 

the globe

- Rate of deforestation per year between 2010 and 2020 = 

10 million hectares (net loss = 4.7 M ha)

- Global forest area decrease between 1990 and 2020 = 

178 million hectares (an area about the size of Libya)

- Driver = land conversion to agriculture mostly



Forests cover in the EU is 182 million hectares (about 42% of the 

EU's total land area, down from 80% at the onset of the Holocene)

Forest map of 

Europe, European 

Forest Institute (EFI) 

and European 

Environment Agency 

(EEA), updated  2015



Planted forests in 2020 : 
294 million hectares
7% of all forests

What is a forest?

FAO definition : Land spanning more than 0.5 hectares with 

trees higher than 5 meters and a canopy cover of more than 

10 percent, or trees able to reach these thresholds in situ. It 

does not include land that is predominantly under agricultural 

or urban land use. 



- Tall 

- In a forest 

- Long-lived

- Long juvenile 

period

- Massive seed 

production

- Large 

population size



- Massive gene flow

- Slow mutation rate 

- Slow speciation rate

- Large effective 

population size

- Rapid local adaptation 

and differentiation

- High phenotypic plasticity

High genetic diversity 

within populations, 

significant differentiation
Exceptions exist, of course!
Vendramin et al. (2008), Jaramillo-Correa et al (2020)



Forest trees: a large potential for in-situ evolution and 

adaptation in the era of climate change 

(valid under the 2015 Paris agreement framework)

The preferred road for genetic resource conservation and 

sustainable management in Europe: 

networks of in-situ gene conservation units (GCUs) 

+ ex-situ when endangered

FORGENIUS



European forest genetic

resources programme



Conserving the genetic resources of the black 

pine Pinus nigra salzmanni

Forest fires, land use change (pasture, agriculture), 

hybridization, logging



Evolution in the genus Pinus

nigra, sylvestris, 

mugo, uncinata

halepensis, brutia, 

pinaster, canariensis, 

heldreichii



P. n. salzmanni

P. n. laricio

P. n. nigra

P. n. dalmatica 

P. n. pallasiana

Geographic distribution area and taxonomy of 

the European black pine



Assessing differentiation using phenotypic trait 

data from common gardens

PhD thesis of Guia Giovanelli, 2017 

Trunk diameter plasticity and diversity of 39 year old trees 

Correlation between monthly Tmax and tree ring of 39 year old trees 
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Demographic inference using DNA markers

Scotti-Saintagne et al.,2019 

- Most likely sub-species 

divergence date (coalescent): 

10 to 20 000 ago 

- Extensive admixture

- Botanical diagnose 

unreliable



Focusing on regional and local genetic 

diversity and structure

La Garance voyageuse N°123, 2018

Old age as an 

indicator autochthony

4500 trees cored



Gard-Bessèges 1900

Gard-Bessèges (Forêt de 

Gachas) 2020



Pyrénées Orientales 

1900 Pyrénées Orientales 

2010



Saint Guilhem le Désert 1900 and 2010



Gorges du Tarn 2010

Gorges du Tarn 

1909



Focusing on regional and local genetic 

diversity and structure

Ardèche Pyrénées Orientale Saint Guilhem

- Most likely post-Holocene 

genetic structure in France: 

6 lineages

- Frequent lineage admixture



The in-situ approach: designing gene 

conservation units (GCU) of autochthonous 

trees



The in-situ approach: designing gene 

conservation units (GCU) of autochthonous trees



The ex-situ approach: collecting grafts from 

selected autochthonous trees

Photo © Daniel Cambon



Photo © J.Reilhan

A core collection of 697 grafted clones



… Now with seeds that can be used for forest 

diversification

Following strict 

recommendations and 

guidelines



http://portal.eufgis.org/

https://crgf.inrae.fr/

Abies alba, Picea abies

Pinus pinaster, Pinus sylvestris

Pinus nigra salzmanni, 

Fagus sylvatica, Juglans regia

Populus nigra, 

Prunus avium

Quercus  petraea, 

Sorbus domestica

Ulmus laevis

GCUs in Europe 

and in France



The way forward: conservation and monitoring




