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CHEMICAL COMMUNICATION CODE OF INSECT SOCIETIES

CODICES

Social insects are important model systems for studying social evolution and complex systems. There
are thousands of species with colonies of different size, kinship structure and nesting environment,
that have each evolved evolutionary stable strategies to cope with challenges of social conflict,
disease pressure and demands for efficient communication. Social insect communication is mostly
chemical and is preferentially directed towards kin and nestmates. Efficient communication is critically
important to protect colonies from robbing and parasitism and for the regulation of potential
reproductive conflicts between members of the same colony. The proposed project aims to achieve an
interdisciplinary understanding of the chemical, neurophysiological and evolutionary principals that
have shaped chemical communication across insect societies of different sizes, kin structures and
disease pressures. The research will use social Hymenoptera as model systems and will address
generally important questions about the honesty and reliability of communication signals as a function
of cost efficiency and risk of abuse by non-cooperative individuals. The objectives will be achieved by
a combination of behavioural experiments, genetic, chemical and neurophysiological studies. The
work is inspired by general principles of kin-selection and economic optimality, allowing predictions
both on proximate and ultimate aspects of communication systems. This will allow an explicitly
hypothesis-testing approach and an extent of rigour that has not been attempted before in social
insect chemical ecology. The objectives and methodologies match the already interdisciplinary
research profile of the team leader, and the association with the host group and other international
collaborators make this ambitious project highly feasible. The proposed research therefore has a high
potential to help maintain and expand the leading European position in the field of fundamental
chemical ecology.

Objectives:

1. Kin recognition, kin assessment, and suppression of nepotism and worker reproduction. This
project will provide the first explicit tests of inclusive fitness predictions for the adaptive
chemical structure of recognition compounds in insect societies of specific kin structure.

2. Chemoreception and neuro-perception of socially active chemical compounds. This will be the
first analysis of chemo- and neuroperception of key communication compounds in social
insects (outside the honeybee).

Dr. Patrizia D’Ettorre during field work

Contact Details

Host Institution : Faculty of Sciences, University of Copenhagen
Ngrregade 10

DK-2100 Copenhagen

url host : http://www.nat.ku.dk/

Team Leader: Dr. Patrizia D'Ettorre

Url Team Leader : http://www.bi.ku.dk/codices/
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EUROPEAN CENTER FOR TIME-FREQUENCY ANALYSIS (FOUNDATIONS,
ALGORITHMS AND APPLICATIONS) (EUCETIFA)

EUCETIFA

The objective of the project is the development of the mathematical foundations and efficient
algorithms for applications in the areas of communication theory, signal- and image processing,
astronomy, geosciences, and related areas. EUCETIFA will promote the systematic transfer of
knowledge from problem identification in science or technology to working computer code based on
the following principles: a) Openness towards real applications and active identification of promising
areas of future relevance; b) Mathematical modelling leading to rigorous and detailed mathematical
descriptions of those problems; ¢) Development of a mathematical framework that ensures correct
treatment based on mathematical analysis; d) Development of efficient numerical algorithms that
address the numerical and implementational questions; e) Interaction with applied scientists to test
these algorithms and establish a ““best practice”; f) Education and training for team-members and
associated PostDocs and PhD students. Spearheaded by the tremendeous impact of wavelets,
applied harmonic analysis has proven to be a powerful tool for the treatment of time-varying systems.
A recently developed approach with time-frequency methods opens a new view on important classes
of pseudo-differential operators of high practical relevance, e.g., for communication theory and for
applications in geophysical signal processing. It is one of the goals of this project to bridge the gap
between the mathematical analysis and the concrete applications in these areas in order to enable
further advances and breakthroughs. The scientific cornerstones are formed by three work-packages:
(A) Pseudo-differential operators and time-varying systems and their applications, (B) Sampling and
time-frequency analysis (for the optimal extraction of information from valuable data), and (C)
Localization methods based on Banach algebra methods, and their consequences for applications.

! L ¥ | ;
Karlheinz Gréchenig

Contact Details
Host Institution : Faculty of Mathematics, University of Vienna,
Nordbergstrasse 15, A-1090 Wien, Austria

URL: http://www.univie.ac.at/NUHAG/EUCETIFA/eucetifah.htm
Team Leader: Dr. Karlheinz Grochenig

URL Team Leader : http://www.univie.ac.at/NUHAG/GROCH)/
email: karlheinz.groechenig@univie.ac.at
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YORK INSTITUTE FOR TROPICAL ECOSYSTEM DYNAMICS

KITE

U
N

York Institute for Tropical Ecosystem Dynamics

In a world where the debate on climate change has moved on from questioning what is the evidence
for Global Warming? To, what will be the nature of the impact of climate change ? It is clear future
ecosystem composition, structure and functioning will be different in the future. The York Institute of
Tropical Ecosystem Dynamics (KITE) will be located in the Environment Department, University of
York. The research group will combine new environmental data sets with modelling initiatives to
explore past, present and future ecosystem dynamics at a number of sites along the Eastern Arc
Mountains of Kenya and Tanzania, an area encompassing one of the world's hotspots of plant and
animal biodiversity. KITE will combine the expertise of Dr Rob Marchant and Dr Jon Lovett, amongst
others, to understanding how ecosystems respond to climate change and societal impacts, and
enhance our predictive capability to manage a changing environment. By linking findings of pure
research, policy and economics it is possible to move away from reactionary response and
management of many urgent environmental and development issues. For example, KITE will
determine why the area is so biodiverse - do high levels of biodiversity depend on buffering from
global climatic changes, due to the close proximity of the Indian Ocean monsoon system, or is this a
response to high climatic and environmental variability, and what role, if any, have human impacts
imparted on the ecosystem. These scientific innovations will be complimented by integrating research
findings to management / policy development: demonstrating that interdisciplinary research findings
will offer more substantive ways to inform policy and economics.

The research outcomes will improve the prospect for forecasting impacts of climate variability on
agriculture, ecosystem functioning and health and will lead to an increased scientific understanding
regarding land use, environmental conservation and climate change. Some of the research is site-
specific and highly focused whereas other aspects are more generic to global change research.

The key elements of the research are to:

1) Determine ecosystem response to climate change by focusing on an area of particularly high
biodiversity.

2) Determine the role of human impacts on present forest composition and long-term ecosystem
functioning.

3) Develop methods to link information on past and present ecosystem composition

4) Develop and test models to link past, present and future ecosystem functioning at different spatial
scales.

5) Produce results to inform management and policy formation both in the study area and more
generically.
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The benefits from the research are not purely scientific, KITE will encourage better research
networking and dissemination of knowledge between Europe and Africa, ensure better access to data
sets for researchers in Africa. Research excellence will be developed in global change research in its
broadest sense with expansions to horizontal developments that have implications for land-use policy
and conservation in the context of changing climate. KITE will foster and develop international
relationships that will be increasingly important as policies on managing the consequences of global
climate change move from the national to the International political arena. Such issues will develop
North-South collaboration - identified as being importance for sustainable development by the World
Summit on Sustainable Development. Policy relevant outputs from the project will help meet European
obligations under the Kyoto Protocol and the United Nations Framework Convention on Climate
Change, the Convention for Biological Diversity, and the World Summit on Sustainable Development.
More locally, KITE will publish research findings in prestigious disciplinary journals and disseminate
results to a wide audience through popular media. KITE will further reinforce the capability of the
Environment Department to attract research funds, world-class research and develop an international
profile for environmental change research at University of York.

KITE will be co-ordinated by Dr Rob Marchant, presently based at the University of Leicester, and will
comprise 5 early stage research projects (2 being externally funded) and a senior researcher. The
first three appointments will be made in September 2005 with two appointments being made from
September 2006 (see table below). KITE will be used as a springboard to develop research links
between the universities of York and Leicester and leverage research funds available nationally and
internationally.

PROJECT* YEAR 1 YEAR 2 YEAR 3 YEAR 4

PROJECT1  CASSIAN MUMBI BASED AT THE UNIVERSITY OF AMSTERDAM (WOTRO-DG)
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Review of existing information (literature, land cover maps, botanical survey)

A\

Preparation for and execution of fieldwork

N\\\I Laboratory and data analyses and presentation of results

Write-up of journal articles and thesis / report

Contact Details

Host Institution : The University of York
Heslington

UK-YO10 5DD York

url : http://www.york.ac.uk/

Team Leader: Dr. Robert Alistair Marchant
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MATHEMATICAL METHODS IN BIOLOGICAL IMAGE ANALYSIS

MAMEBIA

The aim of the MAMEBIA project is the development of theoretical and concrete mathematical
methods to model and analyse biological image data, with an emphasis on complex-valued methods
and phase information.

At the moment, the mathematical models and transforms regarded in biological contexts, apart from
the Fourier transform, are mostly real-valued. This restriction is often based on the assumption that all
biological data is real valued, and that complex-valued methods only increase the needed storage

space and computation time of algorithms, but don’'t contribute to better analysis quality.

But researchers in image analysis become more and more aware that even for real data complex-
valued methods yield much better performance. These methods extract phase, which gives directional
information for edge detection, and codes local features. Most information of an image is coded in the
phase. But its extraction with mathematical transforms and its interpretation is not yet fully understood.
This might be the reason why phase information is rarely used for biological image analysis.

The MAMEBIA project aims to bridge this gap. The team will model biological problems, and formulate
them in a sound mathematical manner. On this basis, the team will develop new, and adapt existing
complex-valued transforms to extract the modelled image features. Particularly, harmonic and
nonharmonic Fourier transforms, as well as multiresolution approaches, as Gabor analysis and
complex continuous and discrete wavelet methods will be emphasized, and their phase information
will be evaluated. Algorithms and concrete programs will be developed and implemented. The team
will closely cooperate with collaborators from biology to ensure the high quality of the models and to
have a significant validation. This close cooperation allows the amalgamation of knowledge and know-
how, and ensures that both mathematics and biology benefits strongly from this interdisciplinary
research.

Brigitte Forster-Heinlein

Contact Details

Host Institution: GSF - National Research Center for Environment and Health
Ingolstadter Landstrale 1

DE-85764 Neuherberg

url : ibb.gsf.de, www.mamebia.de

Team Leader: Dr. Brigitte Forster-Heinlein (forster@ma.tum.de)

Url team leader: www.brigitte-forster.de
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NOVEL NANO-SCALE MULTIFUNCTIONAL MATERIALS ENGINEERING

NANOFEN

The study and development of novel functional materials are critical to the development of future
device technologies. At the mesoscopic scale, new physics can be realised, which is highly relevant
for the future generation of nano-electronic devices and thus is of considerable industrial importance.
Hence, the enabling factor for study of functional materials is the ability to process different forms of
the materials on different scales, as well as to interface them on the nano-scale.

NanoFen (Novel Nano-scale Multifunctional Materials Engineering) involves novel materials
processing, the growth of functional nano-wires, the exploration of routes for ordered nano-wire
growth, the production of multifunctional nano-composites, and the demonstration of simple, novel
(multi)functional devices. In order to transform the promises of the nano-scale phenomenon into
industrial applications, practical approaches will be adopted, and hence there will be an emphasis on
chemically based processing routes. There will also be a particular emphasis on the study of oxide
materials.

In summary, the main objectives of NanoFen are to:

1. Develop novel processing technologies for growth of nano-structured functional materials
2. Apply an intelligent combinatorial approach to realising nano-composite architectures
3. Demonstrate simple, novel (multi)functional devices

The project will be conducted by an Excellence Team of Researchers (including the Principal
Investigator, Dr. Judith Driscoll). We are looking to recruit 3 post-doctoral workers for up to 2 yrs.
each in the first instance and 1 PhD student. The project will be based at the University of
Cambridge in the Dept. of Materials Science.

Contact Details

Host Institution : The Chancellor, Masters, and Scholars of the University of Cambridge

The OId Schools, Trinity Lane

UK-CB2 1TS Cambridge

Url Host : http://www.msm.cam.ac.uk/dmg/ResearchNew/NanoFen/index.html

Team Leader : Dr. Judith Louise Driscoll (jld35@cam.ac.uk)

Url Team Leader : http://www.msm.cam.ac.uk/Department/Deptinfo/StaffProfiles/Driscoll.html
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EARTH SYSTEM AND PLANETARY STUDIES

ESPS

In this project, research is conducted in the following two areas:

(1) The co-evolution of life and the chemical composition of the atmosphere over Earth history
(2) Studies of the surface and climate of the planet Mars.

The overall research falls can be described as “astrobiology”, which is a new branch of science
concerned with the origin, history and future of life on Earth and the possible variety of life beyond
Earth. Both research areas (1) & (2) are consistent with the joint European Commission/European
Space Agency (ESA) policy on space, as well as the Marie Curie Chair action objective to promote
research in new and emerging interdisciplinary areas.

Currently, there is no theory of Earth's bulk atmospheric composition. Consequently, in research area
(1) , the main goal is to produce a quantitative understanding of how Earth's atmosphere originated
and evolved. Because all the gases in air (except argon) are biologically mediated to some degree,
this quantitative understanding relies upon computer models of atmospheric chemsitry linked to
models of the evolving biosphere in Earth history. Models are validated using data from the geologic
record. In area (2), data from spacecraft are used, including data from NASA’s various Mars
spacecraft and ESA's Mars Express. The purpose is to understand the history of the surface and
climate of Mars. This history is one where liquid water has apparently been available at the surface in
the past, and the action of ice ages and wind have also played significant roles. An important goal is to
establish whether the environment on Mars was ever conducive to life. A further goal is a vigorous
training programme. This includes new university courses in planetary science, global change, and
Earth history at the graduate and postgraduate levels. Research seminars, public lectures, conference
activity, and activity in scientific networks at the European level will disseminate the results of
astrobiology research to a large audience, including the general public.

David Catling

Contact Details

Host Institution : University of Bristol, Dept of Earth Sciences, Wills Memorial Building, Queen's Road,
BS8 1RJ Bristol. United Kingdom.

url : http://www.bristol.ac.uk/

Chair Holder: Prof. David Catling
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ADVANCED TEACHING AND RESEARCH IN ENVIRONMENTAL
MICROBIOLOGY / BIOTECHNOLOGY

TERESEN

The EC priorities in research and education include (a) Sustainable Development, Global Climate
Change and Ecosystems, and (b) Life Science, and Biotechnology for Health. The objectives of the
Chair are concerned with the dissemination of advanced knowledge and international experience
among students, scientists, NGOs, and other interested audiences in the Czech Republic in some
particular topics of the very complex fields. An emphasis should be laid on
- Microbiological and biochemical characterization of natural and polluted soil and
water resources, including remediation activities
- ldentification and differentiation of some pollutants degrading and health relevant bacteria in
environmental samples
- Microbiological deterioration and degradation of natural and man made polymers of major
ecological importance

Professor Zdenek Filip who retired from a post of a Director & Professor at the Federal Environmental
Agency in Berlin (Germany), and taught Environmental Microbiology at the Technical University Berlin
will offer advanced courses and tutorial activities related to the above indicated topics. He will utilize
his broadly based international contacts in environmental sciences in favor of exchange programs for
undergraduate and graduate students of the Institute of Chemical Technology Prague (ICTP).
Furthermore, in a co-operation with the ICTP colleagues he attempts to write a textbook, and
undertake effort needed to establish a curriculum in environmental microbiology/biotechnology at the
host university permanently.

The ICTP represents the largest institution of higher education in its field in the former Eastern
Europe, and with its more than 2000 students, and highly capable scientists and teachers is an
optimum host for the Marie Curie Chair in Environmental Microbiology/Biotechnology. The activities of
the Chair should support educating of specialists to combat environmental problems existing in the
Czech Republic, and in many other countries.
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from left to right : Assoc. Prof. J. Pazlarova, Prof. Z. Filip (Chair Holder),
Prof. K. Demnerova (Project Coordinator)

Contact Details

Host Institution: Institute of Chemical Technology , Prague, Czech Republic

URL: http://www.vscht.cz; (a web page related to the Chair Holder in preparation)
Chair Holder: Prof. Zdenek Filip




