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Research program
Scots pine in the Alps:
successional dynamics and resource sustainability
Introduction
Scots pine (Pinus sylvestris L.) in Europe covers an area of 28 millions ha, accounting for more than 20% of EU forested area (Willis et al., 1998; Mason & Alía, 2000). In the Alps Scots pine forests grow in all climatic zones, from innermost continental valleys to outer alpine sectors, and an elevational belt ranging from 200 to 1900 m asl (Ellemberg, 1988).
Current stand structure is the result of the century-long interaction between forest dynamics and land use (Pons & Quézel, 1985; Vernet, 1997; Krauchi et al., 2000). This is particularly true for pine stands, that are more sensitive to human impact due to their proximity to settled areas and the species’ life traits. Being an early-seral, Scots pine actually exhibits a quick response to environmental change and disturbances of natural or anthropic origin (Higgins & Richardson, 1998; Caplat et al., 2006; Garbarino et al., 2006).
Long-term, chronic disturbances due to continuous land use and exploitation of forest-related resources have recently been replaced by processes capable of determining much faster changes in stricture and composition of montane pine forests. On one hand, the abandonment of rural areas that has been taking place since World War II (Poyatos et al., 2003; Antrop, 2004), determined an increase of open areas available to forest encroachment, and in the meantime accelerated succession of unmanaged early-seral communities into late-seral stages (Baudry, 1991; Piussi & Farrell, 2000; Poschlod et al., 2005). On the other hand, pine forests of dry mountain areas are currently undergoing a decline process, predisposed by shifts in temperature and precipitation patterns induced by climate change (Rebetez & Dobbertin, 2004; Dobbertin et al., 2005; Bigler et al., 2006) and with the contribution of several biotic agents of dieback (Hodar & Zamora, 2004; Polomski et al., 2006; Rigling et al., 2006; Dobbertin & Rigling, 2006). The rise in summer temperatures and the change in precipitation distribution throughout the year, both being more intense in mountain areas (Bugmann, 1997; Schär et al., 2004; IPCC, 2007), determine the onset of a stress condition, reducing tree growth and increasing the risk of mortality. Species that are more adapted to such conditions, such as Downy oak (Quercus pubescens Willd.) are favored and may thus develop a stronger competitive pressure. 
Climate-induced succession is likely to shift the community equilibrium towards a greater contribution of sub-mediterranean species, especially where their home range overlaps with that of Scots pine (Bendel et al., 2006). Such changes effect stand, community and landscape processes, posing a strong pressure on the man-forest relationship and raising concerns for the stability and continuity of the services provided by the forest (Schumacher & Bugmann, 2006). Sustainability of timber and, even more, non-timber resources such as protection from natural hazards, recreational value, habitat suitability, carbon stocking, will depend on the role played by sub-mediterranean species in Scots pine forest in transition, and on the equilibrium between successional dynamics, land use changes, climate and disturbances regimes.
Project aim
The main aim is the analysis of successional changes taking place in the pine ecosystem of the Alps and the assessment of their consequences on ecosystem stability and resource use sustainability. First, ongoing successional dynamics and their driving factors will be described. Subsequently, the reconstruction of past forest dynamics and of the interactions between endogenous and exogenous (ie climate change & disturbances) processes will support the development of individual, stand and landscape-level simulation models for forest dynamics. A detailed description of each work package follows.
WP1. Stand history and current successional stage of pine forests
Building of a chronosequence and a toposequence of succession in pine forests across the Alps.
Characterization of successional stages by means of site, climate and structural parameters to support classification and ordination of successional stages.

Detailed historical analysis on selected sample stands from each successional type by means of diachronic analysis of aerial imagery and dendroecological sampling in a permanent monitoring plot.

WP2. Endogenous and exogenous drivers of forest dynamics 
Analysis and modeling of regeneration, growth, competition and mortality in a sample plots drawn from each successional type. Assessment of relationship between spatial pattern and processes. Identifying site factors promoting regeneration of species of interest. 

Compared analysis of growth and mortality in different successional stages. Analysis of mortality as an emergent property by derivation of self-thinning limit and stand trajectories.

Spatial and temporal characterization of climate variables in the study areas; analysis of adaptation to climate shown by species of interest (pine, oak).

Reconstruction of natural and anthropogenic disturbance regimes.

Search for a relationship between disturbances, diversity and ecosystem stability.

WP3. Modeling future dynamics

Calibration and validation of growth and yield models for pure and mixed stands of interest using previous results as a training dataset. 

Calibration of landscape models for composition and distribution of successional stages.

Calibration and application of long-term successional models (state-transition modelling).
Outputs from lower-level models can be used as an input for large scale ones in order to achieve hierarchical modeling. Model outputs will be used to infer validity of relevant ecological hypotheses.

WP4. Resource sustainability and management options

Interactions between modeled dynamics and requisites for continuity of forest services.

Definition of optimal structures to fulfil desired management goals.

Field trials to evaluate effectiveness of proposed silvicultural actions and prescribed fire. 
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