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Scientific tools to study 
the adaptation of living organisms 

to global change 
Dominique Joly and Stéphanie Thiébault

Understanding the study of global changes and their impact on the 
behaviour, adaptation and evolution of organisms and communities is 
one of the major challenges of 21st century research. Current anthropic 
pressures, which are at the heart of an unprecedented upheaval in 
the planet’s resources and services, call for a paradigm shift in how 
scientific research should be conducted. 

A foundation for Environmental Sciences, the approach combin-
ing observations (both qualitative and quantitative) and modelling is 
complemented by an integrated experimental approach to understand 
the action and feedback loops to which biological, ecological, geo-
chemical and social systems are subjected. The relationship between 
observations and experimental research in the field, where there is 
only partial control of the environmental conditions, is essential to 
improve our understanding of the dynamics of natural and human-
made systems and their potential for adaptation. This knowledge pro-
vides the essential ingredients for building tools to support public 
decision-making and managing our environment in a sustainable way.
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Long-term observations to characterize  
and quantify transformations

Observations, especially long-term ones (over a decade or century), 
are of great scientific value because they enable a wider understanding 
of the many physical, chemical, biological and human processes, as 
well as their interfaces, that are at work. They require sustainable, or 
even long-term, investment by those running research programmes. 

In relation to ecology and biodiversity, long-term observations 
are rare but all the more valuable because they make it possible to 
reconstruct the evolutionary dynamics of species and communities, 
owing to a good understanding of the identifiable and recognisable 
life history traits of individuals and populations. Long-term studies 
are needed to understand the impact of climate change, habitat loss 
or the overexploitation of natural resources, which are major issues 
in relation to global change. 

The technological revolution of experimenting  
on ecosystems

Besides observation, there is only one solution for understanding the 
complexity of systems and their potential for adaptation: experimen-
tation. Experimentation is a major scientific challenge, especially in 
relation to ecosystems, because it requires expertise in the functional, 
adaptive and evolutionary dynamics of complex systems, as well as 
the monitoring and measuring of the associated physico-chemical 
and biological parameters. This transformation of research objects is 
accompanied by a technological revolution involving major changes in 
the spatial dimension of tools, in monitoring and measuring accuracy 
and in the diversity and complexity of analytical instrumentation. It 
allows basic, qualitative and quantitative research to be documented 
in order to respond to environmental challenges. 
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In environmental sciences (its field of expertise), the Ecology and 
Environment Institute of the CNRS (the French national centre for 
scientific research) has thus developed a ground-breaking scientific 
strategy by putting in place innovative tools distributed throughout 
France and its overseas territories, with the objective of: (1) promoting 
and stimulating first-class basic research in global ecology in order 
to respond to social demand in terms of environmental engineering, 
expertise, environmental remediation and, more broadly, sustainable 
development issues; (2) providing researchers with unique tools for 
observing and experimenting within the national and international 
landscape; and (3) covering the relevant spatial and temporal dimen-
sions to address the issues related to the functioning and evolution 
of socio-ecosystems, as part of interdisciplinary research into envi-
ronmental sciences. 

Ecotrons 
Current research tools are classified according to additional gradi-

ents between observation and experimentation, and incorporate the 
interactions between people and the environment at different times-
cales. They offer a wide range of possibilities for forcing biotic and 
abiotic parameters, which are analogous to natural and completely 
artificial systems. Among them, the Ecotrons1 are the most advanced 
and complex tools. They measure the states and activity of living 
organisms present in ecosystems as well as the integrated assessment 
of that activity, particularly with regard to biogeochemical cycles. 
Environmental monitoring and real-time measurements make it pos-
sible to test quantitative hypotheses or operating models. It is also 
possible to study several interacting factors within a statistical infer-
ence framework. Ecotrons thus offer a conceptual and technological 
breakthrough to address theoretical questions about the structure and 
dynamics of ecosystems, as well as more traditional questions about 
their sensitivity and adaptation to environmental changes.  They help 
find solutions to current environmental issues by simulating, for exam-

1. http://www.ir-ecotrons.cnrs.fr/?lang=en
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-ple, pre-industrial climates or those predicted by the IPCC scenarios 
for the year 2050 or 2100.

Metatron
Other tools, unique in the world, such as the Metatron1, study the 

response of species (adaptation or non-adaptation) to climate change 
and to the fragmentation of their habitat, in a semi-natural environ-
ment. A collection of 48 cages, each measuring 100 m2, are connected 
to each other by double-entry corridors. The entire arrangement is 
controlled remotely by software that allows precise control of param-
eters such as temperature, humidity or solar radiation (Figure 1). The 
objective of this apparatus is to describe the movements and demo-
graphic flows of the species being studied (insects, reptiles or small 
vertebrates) depending on variations to the environmental parame-
ters. An equivalent instrumented device for aquatic ecosystems, the 
Meta-aquatron, is currently being developed. Consisting of 144 pools, 
each measuring 1.8 m2, linked together by 2-metre long corridors, its 
objective is to describe the movements and demographic flows of 
species as a function of temperature, eutrophication or reduced water 
flow rates. This apparatus will be enhanced with an equivalent aerial 
system in which domes will be placed over each pool. The domes 
will be linked by aerial corridors.   In this way, it will be possible to 
study concurrently the responses of terrestrial and aquatic species to 
environmental pressures.

1. http://moulis.preprod.lamp.cnrs.fr/spip.php?rubrique40
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. 

Figure 1. View of the metatron at the experimental ecology station at Moulis 
(Ariège), © D. Joly.

Ecology Stations 
The Ecology and Environment Institute of the CNRS is 

also developing a network of experimental Ecology Stations2 

 distributed across France and its overseas territories. Its mission is 
to provide research facilities in the short, medium and long term that 
are accessible to the scientific community, to acquire general and 
multidisciplinary knowledge of the relationship between the dynamics, 
development and functioning of ecosystems. The aim is to propose 
scenarios for the conservation and management of natural resources 
in relation to the needs of human societies. Introduced over a long 
period of time (the oldest dates from the 1960s), the stations are 
installed at the heart of different types of ecosystems – terrestrial and 
aquatic (freshwater and seawater), continental and coastal, alpine, 
tropical and temperate – and encompass most biotopes. This network 

2. http://www.cnrs.fr/inee/outils/stations-ecologie-exp.htm
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of experimental stations makes it possible to bridge the gap between 
ecosystems studied under controlled conditions that are necessarily 
smaller in size, such as those studied in ecotrons, and natural ecosys-
tems. With its instrumented devices (for monitoring vegetable plots, 
for example) and the complementarity of its biomes, the network of 
stations allows differing degrees of climate and anthropic pressures 
on ecosystems to be studied (Figure 2). 

 
Figure 2.  The flux tower at the Lautaret Alpine Station (SAJF)  

measuring energy and material flows  
in the soil-snow-vegetation-atmosphere continuum, © D. Joly.
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Observation and experimentation at the heart  
of socio-ecosystems 
 
Zones Ateliers 

Integrated in some cases for several years within the French regions, 
the “Zones Ateliers”1 put research at the centre of public and eco-
nomic action. They represent a mechanism combining the observation 
of socio-ecosystems with experimentation in natura and with local 
stakeholders (farmers, managers and decision-makers). The aim of 
the “zones ateliers” is to build an integrated research environment 
(biosciences, geosciences, physico-chemical sciences, human and 
social sciences), over a long period of time, to answer basic ecology 
questions, but also to respond to current societal challenges in the 
context of global changes. They are the place to co-construct ques-
tions and transfer the results to managers and society, in close part-
nership with local stakeholders. They are involved in all natural and 
human-made ecosystems (marine, forest, mountain, Africa savannah 
and Antarctic), distributed across the entire latitudinal range (from 
the tropics to the poles) and are also targeted at regions that are 
highly impacted by human activities (rural farmland, towns, water 
catchment basins). Research programmes, deployed to specific sites 
within the “zones ateliers”, analyse, on the one hand, the integrating 
and iterative processes of the interactions of human processes on the 
environments (and vice versa) and, on the other, the identification and 
quantification of ecosystem services. This analysis is used to assess 
the consequences of anthropic actions over short or long timescales 
and provides an understanding of the sustainability, resilience and 
adaptability of these systems. 

1. http://www.za-inee.org, which are French representatives of LTSER platforms
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Human-Environment observatories 
The last in this range of tools devoted to the study of anthropic 

pressures on the environment are the Human-Environment observa-
tories1. These are designed around a structural event of human origin 
that has a massive impact in ecological, economic and social terms. 
They are centred around a founding event that seriously disrupts 
the current structure and balance (for example, building a bridge 
or shutting down a mine). They represent an interdisciplinary tool 
supporting knowledge about interactions between humans and their 
environment, the analysis of their vulnerability and the dynamics of 
their transformation. The human-environment observatories carry out 
the assessment of the changes and effectiveness of interventions, in 
order to test specific solutions and support public decision-making. 
Developed at the national and international level, they respond to 
the ecological and social challenges of global change for sustainable 
development. 

All these national observation and experimentation tools have a 
requirement for data quality, instrumentation efforts, sustainability and 
accessibility of information. All of which are essential for building 
an integrated research environment considering the complexity of 
systems being studied and especially their dynamics in response to 
environmental changes. In the age of information regulation, in par-
ticular from the French “Digital Republic” Law of 7 October 2016 
and the European data access directives, these mechanisms should also 
be supported by information systems that satisfy the recurrent issues 
of sharing, interoperability between databases and how representative 
the data are, in synergy with the national and international initiatives 
in the areas concerned. Digital optimization in support of these tools 
is carried out by the joint CNRS and MNHN services facility, the 
Biodiversity Ecology Environment Societies Database2. Work is car-
ried out in accordance with ISO standards and the European INSPIRE 
directive. 

1. http://www.driihm.fr/en
2. http://bbees.mnhn.fr/
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