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Toward a network of experimental facilities to 

asses the impact of climate change and 

management practices on dynamics, 

functioning and biodiversity of Mediterranean 

forests
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- Experimental facilities to mimic Climat Change or management practices

- Field Observations... for example trees mortality

- Monitoring

Cork Oak



Concerning management practices.....

Project H2020 Holisoils (

Field experiments at HoliSoils test sites will investigate the effects of soil and forest

management (including thinning regimes, tree species composition, fertilisation) and

natural disturbances (forest fires, windthrow, droughts) on soil processes, resilience and

climate change mitigation potential.

Downy Oak forest; Saint Christol d’Albion (France) Aleppo pine forest, Saint Mitre les Remparts

Arbutus unedo,
Sorbus domestica,
Fraxinus ornus,
Ceratonia siliqua, 
etc



Concerning Climate change...
Study the  Functioning and the relationships Biodiversity-Functioning in forest ecosystems
submitted to Climate Change  requires field experiments and devices to mimic climate change, 
and mainly increase in hydric stress...

France
Spain
Portugal
And perhaps
others....



Holm Oak :  PUECHABON (CEFE)

Downy Oak : O3HP (IMBE; ECCOREV)

Aleppo Pine :  FONTBLANCHE (INRAE)

In the South of France...
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50 years of climate change??????
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Puechabon, near Montpellier: Evergreen Oak (Quercus ilex) coppice (CEFE)



Reduced leaf and acorn production by
holm oaks leading to a reduction in net
primary productivity, without affecting
timber production.

Responses to a 29% decrease in rainfall
35 km North Montpellier

1984-2014 : 916 mm annual rainfall – 13,2° C  mean
temperature

Evergreen Oak coppice : 4700 stems/ha

Rain exclusion since 2003



FontBlanche : Aleppo pine (Pinus halepensis) and Evergreen Oak (Quercus ilex) (INRAE Avignon)

Throughfall, stemflow and rain interception

Gutters for rain exclusion

ICOS tower



: Exclusion of 30% of rainfall



Oak Observatory at Observatoire de Haute Provence   



At the OHP (Observatory of Haute-Provence) 
Discovery of the first exoplanet « 51 PegB », 

in October 1995,
by Michel Mayor and Didier Queloz

(Physics Nobel Prize in 2019)

With the telescope 193 
...in the middle of a 
downy Oak forest.   



Saint Michel 
l’Observatoire

Forcalquier

Manosque



Downy Oak Coppice

Marcescent Downy Oak forest mixed with Montpellier Maple (25% 
of tree leaf mass)
Tree height 5 m, age around 100 years, diameter around 10 cm, LAI 
2-2.5 m m-2, 1000 trees ha-1

Green-up end of March/April, senescence Oct/Nov



A Gateway System

at 3.5 m height

at 0,8 m height



	

A dynamic rain exclusion system

Roof closedRoof open



Manually operated shutter closing



From 800 mm/year to 550 mm/year



Increase of the dry season (P>2T) characteristic of the mediterranean climate
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air temperature precipitation "control plot" precipitation "drought plot"

2012 2013 2014

Dry season:
from 3 months à 4,5 months

Dry season:
from 0,5 month à 4,5 months

Dry season:
from 1 month à 4,5 months

Effet de l’exclusion



3.    Network of sensors and database
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P < 0.001  P = 0.001                                                  P = 0.016                  Control                     Exclusion   

Different decomposition experiments were carried out in situ using litterbags filled with 10 g of air dried leaves.. 

Litter mass loss was significantly 
decreased with rainfall exclusion



Mixing litter of different species limits the decrease in decomposition due to the 
exclusion of rain and therefore to the accentuated drought

... So let's avoid monospecific forests!

Species mixtures and litter decomposition processes

▪ Fifteen species mixtures of fours species  A. monspessulanum, C. coggygria, P. halepensis and Q. pubescens



Control Exclusion 

Acari Nb d’individus Nb d’individus

Oribatida 11469 6289
Mesostigmata 4028 2864
Prostigmata 2158 1707

Collembola
Entomobryomorpha 4625 2228
Symphypleona 944 423
Poduromorpha 841 377
Neelipleona 71 0

Total 24136 13888

Black = Détritivores          Red = Prédators

With rain exclusion

▪ ↘ 58% abondance     ▪ loss of species

▪ ↗ pression of predation (Ratio Détr./Préd. 4/1 -> 3/1) 

Poduromorpha

Prostigmata

Entomobryomorpha

Oribatida

Santonja et al. (Oecologia, in prep)

Neelipleona

Impact of rain exclusion on mesofauna associated
to litter



Consequences of the increase of the drought period on BVOC emission from Downy Oak

Mediterranean plant species produce numerous secondary metabolites (PSMs), most of which are terpenoids and 
phenolics. 

Volatile PSM belong to the large group of Biogenic Volatil Organic Compounds (BVOC).  Q. pubescens is the major 
isoprene emitter in the Mediterranean area and the second in Europe. Isoprene is among the most volatile 
terpenes released by vegetation and represents the most emitted BVOC at the global scale with 400-660 TgC
released every year. Isoprene actively participates to air pollution concerns since it participates to O3 and aerosol 
formation after being photo-oxidized in presence of light and nitrogen oxides originated from fossil fuel energies 



Dynamic enclosure systems to measure BVOC emissions and CO2 and H2O exchanges 
The Dynamic enclosures are coupled to several instruments (GC-MS, PTR-MS, IRGA), and captors thereby

allowing to understand the relationship between BVOC emissions and (i) plant physiology (ii) environmental
factors of low and high frequency variations (iii) their role in Downy Oak forest functioning.



A positive effect of drought on PSMs
(mainly Isoprene)  production… 



Others mediterranean forest devices (non exhaustive!)



Need to extend the network of experimental stations studying 

the functioning of Mediterranean forests….



This can be done either through an in-depth study of the same plant formation along a North-

South aridity gradient, allowing a synchronous view of the effect of aridification on the 

functioning of the systems. The Aleppo pine formations, which are distributed according to a 

wide variety of bioclimates, come to mind.

Network



Juniperus thurifera and Juniperus excelsa woodlands

Germination/regeneration

Alps

Spain

High Atlas, 

Aurès Lebanon

Network



The need for each of these experimental stations to have a common protocol and minimum equipment

To investigate the effects of climate change :
install simple and inexpensive rain exclusion systems (such 

as gutters under the canopy) in secured plots of land

To investigate the effects of management practices:
Differents plots with different management practices 

(replicats!) 



Regarding the processes, target easily accessible and informative parameters regarding the
functioning of the systems, i.e., for example phenology, tree growth, litterfall, litter
decomposition, redistribution of rainwater in the ecosystem, and edaphic biodiversity
(mesofauna, mycorrhizae, etc.)



How is climate change transforming forest structures, especially regarding changes in 
precipitation and increases in temperature and aridity?

How have tree morphology, physiology, growth, reproduction, and mortality responded to, or 
been influenced by climate change impacts? 

What management approaches help develop forest resilience without compromising their
economic, social and biodiversity-
related ecosystem services. (e.g., approaches such as reforestation, afforestation, and livestock
management? 

Some key research questions identified:

Part of the answer lies in the results from experimental field stations !!!!



And on top 
of that, 
wonderful
teaching
tools !!!



Thank you for your attention


