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Context

Europe’s forests history is a 
story of deforestation…. 

• Intensive management (mining, 
firewood)

• Naval industry (Floating forests)

• Wars (to avoid an ambush)

• Liberal economic reforms (land
seizures)

Wieringen, C. C. v. (2020, May 25). The Spanish Armada of 1588 CE By 
van Wieringen. World History Encyclopedia. Retrieved from 
https://www.worldhistory.org/image/12302/the-spanish-armada-of-
1588-ce-by-van-wieringen/

Snayers, P. (2022, August 11). Battle of White Mountain 1620. World 
History Encyclopedia. Retrieved from 
https://www.worldhistory.org/image/16251/battle-of-white-mountain-
1620/

https://www.worldhistory.org/image/12302/the-spanish-armada-of-1588-ce-by-van-wieringen/
https://www.worldhistory.org/image/16251/battle-of-white-mountain-1620/
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Context

…but also of afforestation and 
reforestation…

• Monospecific
• Large Scale
• Production (Native & Non-native)
• Protection (Erosion & flood control)

Reforestation in Guadalajara (Spain)  
in 1946 (above) and 2018 (below) to 
control floods over Tendilla town 
(upper left in both photos).
Serrada et al. (2020) Rev. Foresta 70

Scots pine reforestation for 
timber production, León (Spain)
Photo: Andrés Bravo-Oviedo 
(MNCN, CSIC)

Eucalyptus plantation in Galicia for 
pulp production (NW Spain)
Photo: Pedro Álvarez (Universidad de 
Oviedo)
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Context

…and a “Green Deal” towards less intensive 
management

• Climate-Smart Forestry
• Close-to-nature
• Continuous Cover Forestry
• Integrated Forest Management
• Complex Adaptive Systems
• Ecological forestry
• ….
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Context

quo vadis, silviculture?
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Forest Transitions

Forests and Forestry are not facing a single transition but multiple pathways..

• semantic

• from Deforestation to afforestation/reforestation

• from Production to Multiple use

• from Monospecific regular stands to complex forest structures
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Forest transitions
Pristine forests

Deforestation / Degraded forests

Restoration

Production

Multiple-use

Increased complexity

Forest degradation
Forest ecosystem restoration measures
Conversion/Transformation measures Forest transitions

Figure inspired by Gamborg and Larson (2003)
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Forest transitions

• Resilient forests

• Ecosystem services

• Social acceptability

The need of complex forests in a changing world
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Forest transitions

The need of complex forests in a changing 

world. Always?

+ Resilient

+ Ecosystem
services

Socially
acceptable/
adoptable

?

?
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Increasing complexity
in SUDOE

• Southwest Europe (SUDOE)
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Increasing complexity
in SUDOE
• Reforestation (Pinus pinaster Ait.) in SUDOE

• Landes (~ 900,000 ha)

• Portugal (~ 500,000 ha)

• Spain (~ 912,000 ha, 1940-2013)
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Increasing complexity 
in SUDOE

• Lack of resilience

Windthrows (Klaus Cyclone, 2009) 
Photo: Hervé Jactel (INRAE)

Drought-induced mortality
Photo: A. Bravo-Oviedo

Run-off and soil erosion
Photo: M.E. Lucas-Borja 
(Universidad de Castilla-La 
Mancha)

Severe Forest Fire
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Increasing complexity 
in SUDOE

How to increase forest stand complexity in
Mediterranean conditions?

• Underplanting?
• Uneven-aged silviculture (transformation)
• Mixed species plantations instead of 1 species

plantation?
• Gap in literature?
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Increasing complexity 
in SUDOE
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Introduction
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Increasing complexity
in SUDOE
Irregular shelterwood

2009 Journal of Forestry 107 (8)405–413

https://doi.org/10.1093/jof/107.8.405

https://doi.org/10.1093/jof/107.8.405
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Increasing complexity
in SUDOE
The COMFOR and FORMIX networks 
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Increasing complexity
in SUDOE

P. sylvestris to Mixed stand
“Rectangular Gaps” + planting

P. pinaster to Med. Mixed forest
Irreg. Shelt. (expanding gaps + 
planting)

P. pinaster to Mixed pinewood
Irreg. Shelt. (iuFOR, UVA)

Cork oak to mixed oak-P. pinea
Thinning (ISA)

La Siberia Sierra Norte

Cunha

Cabañeros
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Increasing complexity
in SUDOE

Key decisions

• Gap size 

• Number of gaps

• Planting in gaps

• Reserved trees
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Increasing complexity
in SUDOE
Applications of Irr. Shelterwood in Mediterranean forests
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Increasing complexity
in SUDOE
Cabañeros site

• Pinus pinaster reforestation (50 years)

• Very small gaps (0.5 Ho)

• Small gaps + thinning (1 Ho)

• Planting Q. suber, Q. faginea, Q. ilex (all combinations)

• Control

• Follow-up regeneration, plantation performance
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Increasing complexity
in SUDOE
Cabañeros site
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Increasing complexity
in SUDOE
Sierra Norte site

• Pinus sylvestris reforestation (50 years)

• Rectangular gaps (~ 20 x 7 & 20 x 15 m) 

• Planting F. sylvatica, Betula, 

Sorbus, Q. pyrenaica

• Control

• Regeneration performance

Terraza de acceso

Terraza de acceso

Terraza sin arbolado

Talud de la terraza

Zona de actuación

Arbolado adulto

Plantación
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Increasing complexity
in SUDOE
Sierra Norte site
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Increasing complexity
in SUDOE
Sierra Norte site
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Increasing complexity
in SUDOE
Sierra Norte site

Thinning “rectangular” gaps
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Increasing complexity
in SUDOE

https://formix.plantedforests.org/the-network/

Hervé Jactel Felipe Bravo Susana Barreiro

https://formix.plantedforests.org/the-network/
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Increasing complexity
in SUDOE

https://formix.plantedforests.org/the-network/

https://formix.plantedforests.org/the-network/
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Increasing complexity
in SUDOE

https://formix.plantedforests.org/the-network/

https://formix.plantedforests.org/the-network/
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Increasing complexity
in SUDOE

https://formix.plantedforests.org/the-network/

https://formix.plantedforests.org/the-network/
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Increasing complexity
in SUDOE
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Increasing complexity

Minimum requirements to build a network

• The main objective of the experimental site is to increase 
complexity (species, structure or both)

• It must include a control (BAU, untransformed site)
• It must include replications of transformation and control. 
• Participation / Co-creation

• Biodiversity and forest ecosystem functioning relationships in 
the context of climate change

• Species relevant for owners and managers
• Same design and measurement protocol 
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Thank you very much for your attention

Grant IMFLEX PID2021-126275OB-
C22 funded by 
MCIN/AEI/10.13039/501100011033 
and by ERDF “A way of making 
Europe”


