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RESEARCH ENDEAVOURS 

As a landscape ecologist, my research interests cover a broad range of areas that include 
geography, ecology, global change (terrestrial ecosystems), landscape change dynamics, 
biodiversity indicators and conservation and management of natural resources, in particular 
forests. My interests and experience focuses on spatial heterogeneity and landscape patterns: how 
to characterise pattern, how it develops and changes through time, and its implications for 
communities, and ecosystem processes. Because landscapes are large -typically measured in 
kilometres-, human activities play an important influence on landscape pattern. Therefore, I am 
concerned with anthropogenic aspects of landscape pattern and change. The main focus of my 
research is on spatio-temporal dynamics and disturbances at the landscape level. Within this 
context, I emphasize the key role that the human dimension imprints on both, obvious and subtle 
impacts on ecosystems.  

 
I focus research on four main areas (i) the understanding of the dynamics of forest ecosystems in a 
landscape context across multiple spatial and temporal scales (ii) work towards effective methods for 
linking landscape ecology with remotely-sensed data within a geographic information systems (GIS) 
framework to extract specific, user-oriented information at multiple scales on forest ecosystems and 
landscapes (iii) development of forest habitat quality models and indicators to asses biodiversity value 
(iv) explore management strategies and associated services that enable a sustainable and multiple use 
of forest resources in different geographical regions.  

The mandate to manage natural resources sustainably has become ubiquitous in the developed world 
and is increasingly recognized as important in developing countries.  Stable human societies and an 
adequate standard of living cannot be realized unless adequate supplies of natural resources can be 
ensured, including ecosystem services.  Landscape ecologists have long argued that a landscape 
perspective can improve the effectiveness of natural resource management.  To support this view with 
particular emphasis on forest resources, I provided evidence and illustrations on two recent book 
chapters (Luque et al 2010; Luque and Vainikainen 2008).  An important part of the work focus on the 
importance to integrate remote sensing, GIS and ecological models as the methodological framework 
to help linking knowledge at different scales while integrating landscape perception and the need to 
manage at different levels.  

 



 Suitable areas according to dominant spruce and deciduous ’mature’ forest in relation to protected 
areas in Finland. Towards the south the lack of representativeness of protected areas in more suitable 
regions is evident due to the small fragment size of protected areas (Luque and Vainikainen 2008). 

 
The main message I like to reinforce in my work, is the idea that ecological phenomena tend to have 
characteristic spatial and temporal scales, or spatiotemporal domains. Therefore, particular 
phenomena should be addressed at their characteristic spatial scales; since if one changes the scale of 
reference, the phenomena of interest changes too. Thus, when evaluating landscape level changes, in 
order to understand structural changes and its implications for biodiversity we need a multilevel 
approach that goes beyond land cover (i.e. decompose the landscape structure using a multi-layer 
methodology) (Rautjärvi et al 2004; Luque and Vainikainen 2008). Furthermore, in order to develop a 
landscape-based predictor of biodiversity value, species distribution data are needed as proven by the 
applicability of the Bayesians and additive models (Romero-calcerrada and Luque 2006; Vainikainen 
and Luque, submitted; Redon and Luque, submitted).  

My research in Finland showed that losses in biodiversity value are directly related to modern forestry 
practices of removing old and dead trees. Other related studies have found that populations are still 
declining despite fundamental changes during the last 15 years in improving forest management practices 
(i.e. so-called new biodiversity oriented principles). A direct consequence of management practices is 
the ongoing decline of forest dwelling populations in Europe.  But, the problem in Europe is not the 
decrease in forest area but on the contrary afforestation as demonstrated by Biopress and other EU 
related monitoring programs (Gerard et al 2010). However, the high level of landscape dissection, the 
almost even aged forest stands, the lack of old growth forest of suitable size, the lack of dying and 
dead trees (in particular snags) continue to imprint a characteristic mosaic that lacks heterogeneity not 
only as it was demonstrated in Finland but in most of the managed European forest.  
 
 

Measures towards sustainable forest management 
As found in the Pinelands of New Jersey natural disturbances regimes are the drivers of ecosystem 
complexity that maintain a high biodiversity value system (Luque 2000a,b), the same stands for the 



Fennoscandian forests (Luque and Vainikainen 2008). Natural disturbances were halted (i.e. forest 
fires, insect’s outbreaks and storm-felling), and it will be difficult to restore the complex disturbances 
regimes that were driving these forests in the past. As suggested for the NJ Pinelands management, 
measures can be implemented to improve the quality of the system we want to preserve. The changes 
in the prescribed fire regime among other management measures helped to preserve the Pinelands 
integrity.  

For the boreal forests of Fennoscandia, one of the few measures that can be implemented to a certain 
extent and that will have a positive effect in biodiversity is not to remove dead and decaying trees and 
in particular manage storm fellings. Research is needed in this area in order to learn how much dead 
and decaying forest is needed without risk of insect’s outbreaks. Also dead wood threshold values as 
quantitative targets for the maintenance of particular indicator species are most needed for the purpose 
of forest biodiversity management. 

The challenge that lies ahead will be to test, the biodiversity monitoring and habitat quality methods 
implemented in Finland, in others more complex regions. Because of the high data quality in Finland 
and the homogeneity of the forest, we developed important research in terms of forest landscape 
structure and composition level. Will then be important to have the opportunity to test our approaches 
in other forest environments that are more complex and where data will not be as accurate. France, for 
instance present a very diverse and complex forest system with different management conditions that 
will benefit from a landscape approach in its biodiversity value evaluation and modelling. A 
comprehensive spatial habitat mapping is still an unresolved challenge for France as for many other 
complex forests system in Europe. In this sense, an ongoing thesis is looking at a complex forest 
mosaic of 70 000 ha. of forestland.  It is difficult to evaluate biodiversity value without an integrative 
approach that allows a regional evaluation of the quality and management imprints of the natural 
resources in particular forests. In this sense, forest management planning has to be overviewed to 
reconcile biodiversity conservation and increasing needs of wood production allowing spatio-temporal 
continuity of forest wildlife habitats. The work underway in the French Alps aims to model forest 
habitats quality to understand how heterogeneity and complexity of spatial patterns are structured in 
space at different scales. The work will also provide tools to better consider biodiversity conservation 
within a context of wood production to help decision-making for local forest managers. 

 
Three‐toed woodpecker nesting habitat modelled for the years 1989 and 2000 using a spatial association 
approach among variables and nesting sites for each year (Romero‐Calcerrada and Luque 2006). 

 

 Not only habitat quality mapping is needed but also connectivity analysis to evaluate the coherence 
and ecological sufficiency of protected area networks. In the light of the predicted effects of climate 
change on biodiversity, the member States now face the challenge of how and where to develop and 
maintain appropriate connectivity in the wider landscape, as well as to incorporate protected sites into 
ecologically functional networks. These questions are the object of an increased interest of different 
scientific  communities, but a clear scheme able to encompass large scale evolutionary process as well 



as fine scale foraging behaviour, both influenced by landscape connectivity, is still missing. In order to 
find relevant answers an interdisciplinary effort is needed to tackle connectivity as a complex 
process from two perspectives that could be considered as extremes of a gradient: functional 
connectivity (refers to how the behavior of a dispersing organism is affected by landscape structure 
and elements) and structural connectivity (depends on the spatial configuration of habitat patches in 
the landscape like physical contiguity, vicinity or presence of barriers).  

 
 
Distribution of 
the probability 
of occurrence 
of the common 
frog predicted 
by the best 
Maxent model. 
(Decout et al 
2011) 

 
 
 
 
 
 
 
 

The figure bellow shows the suitable habitats corridors with a cumulative dispersal distance of 3000m 
(components are identified by letters from A to O). Pairs of nodes and networks of more than two 
connected nodes according to its  importance for the connectivity index (dIIC) (High, medium and low 

class correspond 
respectively to dIIC 
values ranging from 6.8 
to 2.6%, 2.6 to 1% and 
1% to 0%). (Decout et 
al 2011) 

 

The research I 
developed with 
colleagues, can serve in 
its approach to establish 
a link between 
anthropogenic and 
ecological processes to 
explore how 
fragmentation and land-
use/land cover change 
interferes with 
population viability 
under variable 
disturbance regimes. 
We can frame results 
into a flexible modelling 
approach, which can 
help to improve the 



inclusion of ecosystem networks in decision-making on sustainable development. The distribution of 
ecosystem sites and the connectivity of the intermediate landscape across a region are key links 
between ecology and society. On the one hand, these pattern characteristics determine the regional 
sustainability for biodiversity; on the other hand they are subject to human interventions. This research 
approach can help in Europe, in particular, to clarify scale interdependencies between the European 
biodiversity policy and regional and local land use change. 

Adaptive forest management models are another crucial tool for assisting researchers and managers 
towards a sustainable forest management. Multifunctional sustainable forest management (MSFM) 
requires detailed information on development of forest resources and on dynamic changes of less 
tangible forest attributes (e.g. stability, resilience and potential risks under a changing environment, or 
the provisioning of different forest goods and services to society). In this context, adaptive forest 
management simulation models are crucial tools for assisting forest researchers and managers to (1) 
understand forest ecosystem dynamics and (2) support forest management decisions. In the framework 
of MSFM, forest simulation models provide forecasts of forest resources. But more importantly, they 
should enable the exploration of alternative management methods to provide wood and non-wood 
products and services while taking into account vulnerability and adaptation of forests to disturbances 
and environmental changes. This need is reflected throughout Europe in the recent development of 
versatile forest models that can cope with changing environmental conditions, predict forest 
disturbances or forecast the production of non-timber forest products and services. A suite of forest 
models now exists in Europe that emphasise key processes and rely on causal relationships. Thus, a 
wide range of sites, management, tree species, forest goods and services as well as risks can be 
addressed in these models. Generally there has been a trend towards models providing more detail in 
terms of tree species competition or environmental drivers. Yet, more detail with regards to model 
structure and input data are required, and therefore a fine-tuning between data, models and research 
questions is needed. Research is undergoing within the framework of a French National funded 
Systerra-ANR project: FORGECO (From metaphor to action: implementing viable forest ecosystem 
management in landscapes)  

 Global change considerations 

Global change is not limited to climate change and changes in the upper atmosphere-global circulation 
level. It includes changes at different levels and at different scales in relation to land-use and land 
cover. Most changes are driven by human activities, therefore the knowledge of anthropogenic 
imprints in the landscape are crucial to understand dynamic changes. Landscape ecology in this sense 
considers the development and dynamics of spatial heterogeneity within a framework of spatial and 
temporal interactions and exchanges across heterogeneous landscapes. Knowledge on changes in 
landscape structure and composition helps to develop coupling models to assess global change and its 
real implications for the humanity (Opdam et al 2009).  

Biodiversity studies at different spatio-temporal scales will help to understand the consequences of 
different interaction and the effect of global change.  In the same way mountains, are a privileged 
place to pursue global change studies, because of the high thermal altitudinal gradient. The effect of 
changes can then be sensed first in Mountain landscapes than in plains. In this sense, open landscapes 
were in general subject to more important human pressures in the last decades.  While, mountains 
were subjected to less human pressures which allow a better differentiation of changes due to human 
or natural disturbances to better understand the effect of climate changes. Changes in mountains 
regions in relation to forests should focus not only in species distribution but also on changes in 
structure, fluctuations of tree-line dynamics and in nitrogen deposition.   

Climate change impacts have been analysed up to date with a myriad of methods, using a range of 
different climate change scenarios. Projected impacts differ considerably depending on the method and 
scenario used (e.g. Loehle and LeBlanc 1996, Lindner et al. 2002). Overall, a critical review of the 
existing knowledge for climate change impacts in different European forest regions is lacking to date. 
Consequently, it is currently difficult to derive recommendations for decision making in forest 
management. 



Future efforts should review the state-of-knowledge on climate change impacts in European forests 
with specific reference to the consequences for decision making in forest management. In particular, 
uncertainties in current climate projections and impact assessments needs to be considered in 
designing adaptive forest management strategies to reduce the risks of adverse climate change effects. 
This is one of the great challenges that lie ahead in my research. Two symposiums that I organized 
recently, within the IUFRO framework in Seoul and in Portugal, open up a number of key questions to 
set up common grounds for work.  
 
Biodiversity and ecosystem goods and services  
In my experience working from the habitat to the landscape level with economists, it was actually the 
spatial representation and modelling-based approach that allowed a common understanding to 
achieve applied results for sustainable use of forest resources (see Kallio et al 2008; Juutinen et al 
2008). As landscape ecologists we can actually provide the spatial context to bridge differences 
between economists and ecologists. 

Some of the most obvious landscape related omissions from the Millennium Assessment (MA) 
scenarios are pattern-process feedbacks, scale dependencies, and the role of landscape configuration. I 
would like to point out two main subject areas for future research that are interrelated. In the first place 
I like to point out the issue of scale dependency and the understanding of mechanisms at different 
levels. The second is related to the resistance and resilience of ecosystems in particular in relation to 
feedbacks mechanisms. In both cases, understanding the interrelation between ecosystems and 
landscapes level mechanism is critical. 

While the MA has set a new standard for biodiversity scenarios, future exercises would benefit from a 
more multi-scale and more mechanistic framework. An integrative landscape driven research should 
be envisioned to relate ecosystem processes, global changes including climate changes and socio-
economic processes across different governance levels.  

Predicting biodiversity change involves understanding not only in terms of ecology and evolution, but 
also in complex changes in human societies and economies.  One of the most important challenges for 
future research will be to integrate research across different scales, including spatio-temporal scales 
within an interdisciplinary and multidisciplinary framework.  

Final Remarks 

Finally, as a scientist trained within the Earth System Science community, I would like to see much 
more interdisciplinary research to actually bridge the many gaps we face today to work towards the 
new challenges and endeavours of human social and ecological processes. I tried in this short 
document to transfer some of my experiences so far but much of the challenge lies ahead.  

In terms of technologies tremendous progress have been done in satellite imagery since the launch of 
Landsat 1 in 1972. Not only progress has been done in relation to the sensors its accuracy, resolution 
and spectral characteristics but also in terms of classifiers and algorithms for image processing. 
Nowadays we can approach global scales studies with more accuracy than 20 years ago. We can also 
look individual objects at less than 1 m resolution for a detailed understanding of changes among 
many other applications.  

Regarding databases, at the European scale we have more and more available data at different scales 
that open new challenges and opportunities in biodiversity research. The expansion of web-based 
databases that provide an overview of monitoring activities is extended also to geographic regions 
outside Europe. The same applies to web-based support tools for monitoring activities.  However, 
problems related to cost-efficiency needs to be sorted out. In that sense, databases have to be 
harmonised and shared.  Integration of methods and a more intensive use of remote sensing and 
geostatistics are needed. Also, more support needs to go to countries outside US and Europe to 
enhance cooperation and maintain long term databases. It is essential to link good quality data with a 
sound institutional framework to ensure continuity and long-term collaboration.   



At the same time that we are flooded by data we have also new tools to share among researchers like 
the Decision Support Systems (DSS). DSS for sustainable forestry are computer-based tools that can 
assist land managers and other stakeholders simulate, evaluate, and/or optimize management 
alternatives. Case scenarios exist all over the world to share data and experience. DSS have proven to 
be suitable platforms for the integration of information, models and methods required tosupport 
complex, ill-structured and value loaded forest management problems. The European Union (EU) 
Forest-Based Sector Technology Platform further emphasized the importance of advanced and 
innovative planning methods and computer tools for addressing multifunctionality and sustainability 
of forest management as a key issue for the competitiveness of the forest based industry. Yet currently 
there exists no forest DSS addressing the specific needs of adaptive management under climate 
change. Moreover, existing forest DSS and planning packages do not always integrate state-of-the-art 
models and technology. There is increasing demand for more rigorous and transparent decision-
making in order to increase effective communication among participating stakeholders.  

Despite all the progress achieved integrative research is lacking, innovative questions are evasive or 
difficult to get funded. We need to be able to reach a better understanding of the interwoven landscape 
mosaics to elucidate complexity and scale interdependencies.  

Can landscape ecology then as truly interdisciplinary help to unify knowledge? The spatial linkage 
between patterns and processes that can be applied to any level of organizational hierarchy is a shared 
interest in the importance of relationships and interactions that unifies landscape ecologists. In the 
same way the spatial explicit principle of landscape ecology, I believe can help to understand 
complexity in natural systems while unifying basic and applied aspects of research.  

In all, I deeply share with Wiens his assessment that “Sharing a common set of tools does not make 
all landscape ecologists alike, any more than a common set of paints and brushes makes all artists 
alike. Science, like art, involves more tan tools and their mastery. How the tools are used depends 
on the questions that are asked and the context in which the results will be interpreted and used” 
(Wiens p. 367, 2005).  
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