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What is biodiversity and which are the scientific issues?

Biodiversity is all what see on our planet as parts of the living environment. Obvious are all species: animals, plants, and micro-organisms such as fungi and bacteria. But their generic diversity – the diversity at the DNA level – is also a component of biodiversity. And at larger scales, ecosystems apparent in landscapes are another expression of biodiversity. We do not know much about this complex diversity. As an example, we still do not know how many species are on earth, and we assume that we probably have discovered only 10% of the present species diversity. This becomes even worse if we consider the species of the past, only known from fragmented fossil material. Another big gap in our understanding of biodiversity is the relationship between the variation of DNA sequences and the diversity of species. The same holds for the question how combinations of species and geological/climate characteristics constitute specific stable ecosystems. Biodiversity research studies the complexity of life’s variability at the genetic, species and ecosystem level and at different spatial and temporal scales. 

Increased understanding of the functions and plasticity of biodiversity contributes to the management of our living environment. On our planet we are all interdependent. Humans need biodiversity as food, for medicine, building material and so forth. And these natural resources likewise depend on their resources. Knowing more about the fabric of interdependencies and the relations to external pressures is crucial to manage our planet sustainable. This knowledge is also fragmented, and policy decisions cannot satisfactorily be based on scientific evidence

Another problem is that the scientific methods which helped us until now in creating knowledge are insufficient to tackle the big questions in biodiversity research. We learn at college and university that we have to simplify a problem by eliminating variables to an extent that it is possible to do experiments on a few parameters to unravel their functional relations. However, all elements of biodiversity with their interrelations and multi-scale feed-back mechanisms are too complex. The understanding of the interrelations between a few isolated parameters will not help us to get the full picture. Rather than the traditional reductionist approach based on limited or estimated data sets, we need other scientific methods to get grip on understanding biodiversity. Here comes the advantage of present-day developments in information analysis and information technology. As for an example data mining techniques allow for the systematic analysis of  patterns between ‘signals’ in different data sets. The further analysis of such patterns may reveal the existence of processes of complex interactions. And this further helps to identify the dominant parameters in the targeted processes and to model these.

Infrastructure support for advanced biodiversity research

The new methodological approach towards understanding biodiversity requires the availability of large-scale facilities for coherent data capture, data management and interoperability, new algorithms for analyzing and modeling large data sets, and capacities for high performance computing. In such an environment of advanced facilities it becomes possible for research groups to define new ambitions and to achieve breakthroughs.

Interestingly, the last two decades showed how progress was made to bring this picture into reality with relevant developments in information sciences. Scientists and engineers collaborate around the world to design and build the components of global facilities to support the new scientific demands. The vast amount of DNA and proteine data resulted in the services of Genbank or the European Bioinformatics Institute. For species level data, the last years showed the start of large-scale cooperating initiatives, such as the Global Biodiversity Information Facility (GBIF), the Encyclopedia of Life (EOL), or the Atlas of Living Australia. Other initiatives, such as Biological Collection Access Services (BioCASE) support common access to the large amount of heterogeneous and distributed data on the characteristics of individual organisms, such as objects in biological collections. As a next step, the European Commission, through its Framework Programme for Research and Technological Development, supports the preparation of the “Life Watch” infrastructure which will build upon existing data resources and adds analytical and modeling capabilities with distributed Grid computational support (www.lifewatch.eu). A consortium of organizations, coordinated by the University of Amsterdam, started to prepare the planning and logistics to construct this infrastructure. Linkages with related initiatives are going to be established. As for an example, US scientists are involved in various projects relevant for these developments.

Community driven research infrastructures

The planned Life Watch research infrastructure has a fundamentally different design compared to many established infrastructures which are often designed for specific experiments at a single instrumental facility. The above mentioned biodiversity facilities do not generate research data at a single location, but depend on distributed data sampling within a common framework for data management. Another specific feature is that the infrastructure services are in the Internet. Users find their way by combining the data and computational algorithms of interest through their PC. This approach of a virtual infrastructure allows user groups to organize their own e-laboratories. The open architecture of the virtual infrastructure should allow that each involved e-laboratory shares its own data and algorithms with the full user community of the infrastructure. From a scientific point of view such an approach is even a prerequisite for the architecture. A rigid architecture with predefined databases and algorithms would only represent the scientific paradigms at the time of the construction, but not the environment to support the requirements beyond the time of construction. 

We witness nowadays the emergence of such community driven environments such as YouTube or Hyves. The challenge for biodiversity research is to construct its own comparable research environment with appropriate infrastructures. The developments as presented in this paper show how a new generation of research infrastructures with global dimensions have a leading role in this process and revolutionize biodiversity research.
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