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Summary

In this document, members of the Swiss Bio-
diversity Forum present their ideas for a new and
integrative approach to biodiversity research. The
ultimate aim of the document is to stimulate re-
search that improves our understanding of the
processes affecting biodiversity and which enables
us to conserve this vital natural resource and use
it sustainably.

The specific goals of the ‘Visions’ referred to
in the title of this paper are: (i) to describe the
main areas of biodiversity research, (i) to identify
some of the major gaps and deficiencies in our
knowledge, (iii) to develop strategies for streng-
thening biodiversity research, and (iv) to provide
the baseline information needed for future discus-
sions about funding priorities.

The proposals for new research areas are
based on the considerable expertise of Forum
scientists in the field of biodiversity research, and
in particular on the experience gained during the
ten years of the Swiss Priority Programme Envi-
ronment (SPPU), which was completed in 2002.

Four principal focus areas are identified as
essential for an integrated approach to biodi-
versity science. These are:

a The concept of biodiversity

b Natural and anthropogenic drivers of biodiver-
sity

c Biodiversity as a driver of ecosystem functio-
ning and the basis for human life

d The assessment of biodiversity

Each of these research fields is briefly described.

The paper provides a sound basis for the pre-

paration of documents designed to support lob-
bying efforts when seeking increased funding for

biodiversity research, in order to improve the abi-

lity of the scientific community to answer impor-
tant questions relevant to ecology, society and
economy.

As well as identifying research priorities for
those working within the field of biodiversity in

Switzerland, the document sets out the importan-
ce of this research in the wider context of a rese-

arch strategy to tackle issues connected with
sustainability and global change. The importance
of such a coherent strategy was emphasised by
the Swiss scientific community in a brochure
published in 1997.

Swiss Biodiversity Forum
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Chapter |

Introduction

The term biodiversity was coined in the 1980s
to embrace the complete diversity of life on Earth.
The concept captured both public and political
attention as it was realised that biodiversity is a
prerequisite for the healthy functioning of eco-
systems and is thus one of the foundation stones
on which human life and culture is built. Biodi-
versity is declining dramatically at local, regional
and global levels. The fundamental reason for this
is the increasing human domination of the planet,
which leads to the large-scale modification, frag-
mentation and destruction of habitats and to in-
creased rates of invasions by non-native species.
In the future, the loss of biodiversity could be
even more severe as a result of climatic changes
caused by human activities.

The Convention on Biological Diversity (CBD) —
one of the most important international agree-
ments on environmental protection — has as its
objective the preservation of biodiversity. How-
ever, we cannot develop effective conservation
strategies without first acquiring more information
about all aspects of the diversity of life, from the
genetic level to the ecosystem level. Furthermore,
if this information is to make a difference, it must
be available not only to the scientific community
but also to all stakeholders concerned, namely
all those who manage biodiversity or depend on
it in some way for their livelihood. The authors
believe that sound knowledge about biodiversity
must underpin the development of new policy
concepts. The advancement of high-quality rese-
arch in issues related to biodiversity is therefore
of importance to everyone.

In view of these needs, the Swiss Biodiversity
Forum — a group of scientists within the Swiss
Academy of Sciences — began a series of discus-
sions to develop their visions in biodiversity re-
search and to set them down on paper. The pro-
duct is the brochure you have before you. It has
been written to explain the importance of biodi-
versity and to identify the most urgent research
priorities. The Forum hopes that it will be useful
not only to scientists working in the field, but
also to scientific administrators, funding agencies
and decision makers.

Swiss Biodiversity Forum
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Chapter 2

Objectives

The objectives of the “Visions in biodiversity
research” are:

1 to assess major topics in biodiversity research
(Chapter 3);

2 to describe gaps and deficits in current biodi-
versity research (Chapter 4);

3 to identify main trends and needs for further
biodiversity research (Chapter 5);

4 to discuss strategies for developing biodiversi-
ty research (institutions, funding) (Chapter 6);
and

5 to provide basic knowledge for further docu-
ments to assist biodiversity research (Chap-
ter 7).

For the assessment and evaluation of current
issues in biodiversity research, we were able to
draw on our professional research experience in
general and, more specifically, on the knowledge
we gained while involved in the Integrated Project
Biodiversity (IPB) of the Swiss Priority Programme
Environment (SPPU). In this programme, resear-
chers from different disciplines worked together in
an interdisciplinary way, in order to answer speci-
fic questions relating to environmental issues.

Based on this knowledge, we identified major
gaps and deficits in biodiversity research, which
need to be filled in order to address complex
environmental problems. We then combined these
with further needs relating to the basic understan-
ding of ecosystems, their functioning and interac-
tions with human influences, in order to outline
new research areas. These new areas have been
categorized according to a function-based appro-
ach.

Finally, we devised ways in which to seek for
funding for this new kind of biodiversity research,
conscious of the fact that, to a certain degree, we
are all competitors for a limited resource (money
for research). However, we believe that the new
integrative biodiversity research should have prio-
rity over individual research interests and that

realistic methods of funding should be pursued.
This involves finding new ways of promoting rese-
arch topics among different target publics, inclu-
ding potential funding institutions and the users
of future research results and expertise.

We present our visions at a time when others
are also thinking about new ways to develop the
basis for a new integrative biodiversity science, in
particular DIVERSITAS, the international umbrella
programme of biodiversity research. The “Advisory
Commission for Environmental Research (BKUF) of
the Swiss Agency for Environment, Forests and
Landscape (BUWAL) also goes in the same di-
rection with two of its four foci for Environmental
Research in its publication “Forschungskonzept
Umwelt fiir die Jahre 2004—2007”, published in
August 2002. As an overall goal, the BKUF wishes
to strengthen the trans-disciplinary aspects of all
research projects.

An additional objective of these Visions is the
biodiversity-specific product of further developing
the guidelines outlined in a document on research
on sustainability and global change by Swiss re-
searchers (“Visionen der Forschenden. Forschung
zu Nachhaltigkeit und Globalem Wandel — Wissen-
schaftspolitische Visionen der Schweizer Forschen-
den”, June 1997, CASS/ProClim-). In this document,
researchers synthesize knowledge gathered in the
field of environmental research and define com-
mon hypotheses that refer to future environmen-
tal issues and their significance to society in
general.

We hope that our visions will be useful to
these researchers and will stimulate other scien-
tists to participate in the worldwide effort to
increase our understanding of the living world
around us, of which we are part, and on which
we depend and, thus, to contribute to its sustai-
nable use and enhancement.
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Major topics in biodiversity research

The major challenge in the wide field of biodi-
versity research is how the different approaches
and disciplines can be combined into a new inte-
grative biodiversity science. The aim of a compre-
hensive research strategy must be to foster inter-
actions between experts working in different areas
of biodiversity research and to fill research gaps
by encouraging further biodiversity research.

The following list identifies major thematic
fields, regardless of whether they have been the
subject of intense research activities so far or not.
Some of the topics may have been prioritised in
research agendas, whereas other may have been
somewhat marginalized. They were judged to be
of major importance by the members of the
Forum and thus are all part of a new comprehen-
sive and integrative biodiversity research appro-
ach. The list is the result of a brainstorming pro-
cess (see Annex) and does not follow any defined
hierarchy of research areas.

=> Basic knowledge and skills:
~ Systematics and taxonomy

Population biology

Speciation/evolution

Ecosystem functions

Ecosystem stability

~ Soil fertility

~ Organismic interactions

~ (Local) adaptation

~ Climate change

1§

1§

l

1§

=>» Habitat alteration and destruction:
~ Habitat loss
~ Habitat fragmentation
~ Land use (practices)

= Maintenance and promotion of biodiversity:
Monitoring

Extinctions

Reintroduction/protection of species
Management of habitats

Invasive species

Genetically modified organisms

1§

1§

1

1§

1§

1

=>» Values of biodiversity:

Ethical value (the right to exist)

Aesthetic value (beauty)

Cultural value (man-made systems of high
conservation value)

Economic and social value (genes, in-
surance, health products)

Ecological value (ecosystem functioning,
sustainable integrity, etc)

1§

l

1§

l

1§

=>» Human behaviour towards biodiversity:
~ Perception of biodiversity

Marketing of biodiversity

Economic globalisation

Resource management

Biodiversity governance

1§

1§

l

1§

=>» Collection and transfer of information:
~ Biodiversity information (databases etc.)
~ Knowledge transfer

This list represents the basis for the subse-
quent definition of gaps and deficits in biodivers-
ity research by combining the topics with each
other and keeping specific research questions in
mind in response to today’s biodiversity-research
needs.

Swiss Biodiversity Forum
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Gaps and deficits in

current biodiversity research

What information do we need in order to tack-
le current problems to do with biodiversity, chiefly
its dramatic loss? What basic knowledge do we
have and how can we assemble different aspects
of this knowledge to gain new insights? Where is
there a lack of perhaps even very basic data?

These questions provide the background for the
identification of gaps and deficits in current bio-
diversity research. Based on the list of topics out-
lined in Chapter 3, major needs for research have
been identified, mainly in the combination of dif-
ferent generally defined elements of biodiversity
research.

Specifically, collaboration should be strengthe-
ned in the following areas and between the
following levels:

=> Different systematic and taxonomic areas

= Taxonomy and molecular systematics

=>» Organismic interactions and species distri-
butions

= Observation, theory and experiment

=>» Plant, animal and microbial diversity

=> Genetic diversity and species diversity

= Ecosystem ecology and population biology

=> Different ecosystems (marine, grassland, wood-
land)

= Managed vs. unmanaged species and eco-
systems

=> Biology and relevant disciplines in the social
sciences and humanities

=>» Ecology and human welfare

= Risk assessment and human activities

Generally, these areas can be categorized ac-
cording to the following criteria: levels of organi-
zation (genes, species, populations, ecosystems),
types of research disciplines (natural, human and
social sciences), types of research instruments
(observation, theory, experiment), levels of classi-
fication of organisms (taxonomic and functional
units), types of interventions (environmental
management, unintentional human impacts, natu-
ral disturbances) and types of importance to
humanity (welfare, risk, health, food supply etc.).

Interactions within these categories as well as
among different categories deserve more attention
in biodiversity research. However, not all possible
combinations among the categories can be ad-
dressed. Priorities must be set primarily according
to their importance in solving problems relevant
to society, and secondly for reasons of resource
availability.

Knowledge regarding interactions between dif-
ferent levels of organization, for instance, interac-
tions between genetic and species levels or be-
tween population and ecosystem levels, is often
lacking. So far, these processes have only been
investigated in very specific individual cases.

For example, it is not known if and to what extent
large genetic diversity within species in species-
poor ecosystems can lead to similar levels of eco-
system functioning as does lower genetic diversity
within species in species-rich systems. However,
knowledge of such compensatory effects would be
extremely useful for agricultural management of
cropland. Much more information is needed to be
able to formulate hypotheses about these interde-
pendencies.



Another major gap in knowledge concerns the
impact of different types of interventions on eco-
systems and their functioning. One challenge will
be to integrate real impact scenarios into research
projects, in order to gain knowledge more directly
applicable in practice. For instance, harvesting
practices concentrated towards large fish can lead
to evolutionary shifts within species and subse-
quent shifts in species composition. These chan-
ges may bias an ecological community in a diffe-
rent way from that simulated in experiments with
random extinction events and may negatively
affect future harvesting potential. Establishing
strict nature reserves where no harvesting takes
place may be an answer to this problem, but we
do not know this for certain and we do not know
what size such reserves should be.

Combining recent molecular methods with tra-
ditional taxonomic and systematic methods may
result in new fundamental knowledge regarding
the relationships and evolutionary aspects of
organisms and may thus serve as a base for furt-
her research topics. The current interest in char-
ting biological information at the level of DNA and
amino-acid sequences and at the level of species
has developed quite independently so far, with
little knowledge transfer between the two research
communities.

Recent research approaches in the field of bio-
diversity and environmental issues unite experts
from different disciplines, in order to tackle com-
plex problems that concern environment and
society in an inseparable way. Concepts of inter-
and transdisciplinarity have been developed, with
a variety of experts and stakeholders involved in
the whole research process. One issue in interna-
tional policies is, for example, how a high diversi-
ty in ecosystems may be counted as a nation’s
contribution towards mitigation of the CO2 pro-
blem (Kyoto protocol). Similarly, basic research
into ecosystem services can help justify and put
real price tags on compensation areas in managed
terrestrial landscapes. This requires close collabo-
ration with economists, managers, and politicians.
In the recent foot-and-mouth-disease case in
Britain, the damage to the agricultural “product”
tourism was probably about ten times more costly
than the damage to direct agricultural production.

Gaps and deficits in current biodiversity research

Some of the research areas outlined in Chapter
5 may be of particular interest to institutions dea-
ling specifically with inter- and trans-disciplinary
issues, such as the new focal points of the Swiss
Academy of Sciences (SANW): “Trans-Disciplinari-
ty-Net” and “Ecosystem Research”. Questions re
garding different perceptions of and values attri-
buted to biodiversity on the part of human beings
could be addressed within this institutional frame-
work and reveal new insights into the importance
that is attributed to biodiversity by different mem-
bers of society. This may lead to the development
of new strategies for the conservation and sustai-
nable use of this natural resource.

Swiss Biodiversity Forum
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Main trends and needs

for further biodiversity research

The objective of a comprehensive biodiversity
research programme is to establish new biodiver-
sity research groups and to support researchers
and research groups in their efforts to form net-
works of specialists. The promotion of the mobili-
ty of researchers across disciplines and between
research institutes and the improvement of facili-
ties to investigate the international problems of
biodiversity protection will assist in developing a
new integrative biodiversity science. The program-
me should promote cooperation among universi-
ties, other institutions carrying out research and
private enterprises.

Taxonomy and systematics are the tools nee-
ded to answer the basic question of how much
biodiversity there is. However, over the past 10-15
years, in Switzerland many professorships in taxo-
nomy and organismic biology have been replaced
by professorships in other biological disciplines
that were, at the time, considered to be more
important. Today, the negative consequences of
this development can be seen in many areas of
basic and applied research. It is hard or impossi-
ble to find experts in the identification and classi-
fication of organisms belonging to such important
groups as microbes, fungi, algae, nematodes,
mites, and insects, to name just a few. This not
only makes the monitoring of many taxa impos-
sible, it also prevents research and the develop-
ment of management strategies, for example to
protect species and avoid unwanted ecological
disequilibria, such as pest outbreaks in agriculture
or the spread of invasive species. In order not to
lose further taxonomic knowledge and skills, we
need a new direction in the education sector and
a change in recruitment policies. Swiss universi-
ties and natural history museums need to build
up, once again, the much-needed expert know-
ledge in biodiversity. The education of the next
generation of experts is also of key importance.

In the end, we need knowledge relating to all
aspects of biodiversity, their interdependencies,
and their relationships with the physical world
and human society, in particular given the current
trend of global change. Such biodiversity research
must bridge the gap between basic and applied
research. In accordance with the Convention on
Biological Diversity, the ultimate applied goal is
the protection of biodiversity in a self-sustaining
long-term perspective. The social, economic, and
applied aspects of biodiversity research, such as
management and quality control, require an inter-
disciplinary approach. Future integrative projects
should aim at parallel, cross-linked research into
these aspects and the full participation of all con-
tributors from the beginning, with equal importan-
ce given to all. Three types of knowledge needed
in such integrated projects have been identified:
system, target and transformation knowledge.
These are relevant to all aspects of biodiversity
research. For example, system knowledge may
show how policies and governance affect biodiver-
sity, target knowledge how they should affect it,
and transformation knowledge how they could be
changed to reach the target. These types of know-
ledge are also the objective of the catalogue of
environmental research proposed by the BKUF
(see Chapter 7), where priority, however, is given
to transformation knowledge.

There are several possible ways to structure
biodiversity research. We have chosen function-
based categories. Two additional categories in the
introductory and final section of this chapter refer
to the concept of biodiversity and the assessment
of biodiversity, respectively. Other ways of structu-
ring biodiversity research could be based on habi-
tat type (terrestrial, fresh water, marine; surface,
soil/sediment, water, air), groups of organisms
(animals, plants, microbes), research discipline
(biology, geography, economy, management, psy-
chology, etc.), or types of application (communica-
tion, conservation, human dimension, manage-
ment, perception, policy, sustainable use, valua-
tion).



5a The concept of biodiversity

Discussions about definitions of biodiversity
have paralleled the development of biodiversity
research from its beginnings. There are many dif-
ferent uses of the word “biodiversity”, yet despite
the lack of terminological coherence, the term has
become a “thick concept” in the sense that it is
being used widely, that people identify with it and
that considerable efforts are being made towards
the stewardship of biodiversity. Rather than fin-
ding new definitions of the term, it should be a
scientific task in its own right to study the history
and development of meanings of the concept in
different contexts and see how they could be
integrated. Such a study of biodiversity as a con-
cept will itself feed back into the science, valua-
tion and management of biodiversity and the fun-
ding of these activities. Outside the life sciences,
it has been postulated that the concept of biodi-
versity has a strong cultural dimension and,
hence, is also a political as well as a scientific
reality. Most of the motivation to protect biodiver-
sity is driven by culture and economics, and
based on a fascination with rarity and a fear of

losing it. Biodiversity as a concept is given a posi-

tive normative meaning by most people, based on
the paradigm “more is better.” What are the con-
sequences of this, and how do different groups in
society shape the concept of biodiversity as a
construct or semantic expression?

Specific questions concerning the concept of
biodiversity are:

=>» Which aspects of nature are conjured up the
concept?

= How do we quantify and valuate biodiversity in
a way agreed on by most?

= How can we increase public awareness of bio-
diversity?

=> Are there “success stories” that would enable
us to better communicate conservation poli-
cies?

=> How can biodiversity knowledge be transferred
among interest groups and regions?

Main trends and needs for further biodiversity research Tl

5b Natural and anthropogenic drivers
of biodiversity

The number of organisms at a particular locali-
ty is determined by the types of habitat, their
condition, structure and size, by speciation and
extinction, and by immigration and local loss. This
local biodiversity represents the result of gains
and losses, which is influenced by natural and
anthropogenic drivers. However, little is known
about the relative importance of these drivers and
about their interactions and possible feedback
mechanisms. For example, the introduction of new
species or genes may initially increase biodiversi-
ty, but may lead to a decline in the longer term if
the new organisms cause the loss of a higher
number of existing ones. Furthermore, one driver
may increase one component of biodiversity and
at the same time reduce another, thereby chan-
ging the composition of biodiversity rather than
its level. Some natural drivers of biodiversity are
internal to biodiversity itself, such as evolutionary
potential and interactions between organisms,
while others, such as environmental conditions,
are external. Human activities change both inter-
nal and external conditions affecting biodiversity,
either intentionally or unintentionally.

Natural drivers of biodiversity:

=>» Evolutionary processes A and ecological inter-
actions B

=> Abiotic environmental factors C

Anthropogenic drivers of biodiversity

=> unintentional D
=> intentional (by management) E

Swiss Biodiversity Forum
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A Evolutionary processes and biodiversity

Speciation is the creative process leading to
the build-up of species diversity and is therefore
the ultimate motor driving biodiversity. The pro-
tection of biodiversity for the future is mainly the
protection of the evolutionary potential of orga-
nisms by ensuring processes like sexual reproduc-
tion, dispersal and migration, which lead to or
maintain genetic diversity within species. Open

questions regarding the conservation of the evolu-

tionary potential of organisms are:

=> Is genetic diversity positively correlated with
species persistence and evolutionary potential?

=> In which species groups do we find a correla-
tion between species richness and intraspecific
(genetic) diversity?

= How does the population viability of a species
depend on size and connectedness of habitat?

Understanding the general patterns and pro-
cesses of speciation is fundamental when seeking
to explain the diversity of life. Central questions
in this research field include:

= What are the general causes of speciation, and
how do rates of speciation vary over time and
among taxonomic groups and geographical
regions?

= What are the factors that influence rates of
speciation?

= Is there a feedback, positive or negative, bet-
ween species numbers and the generation of
new taxa?

=> In which historical and environmental contexts
do evolutionary processes lead to increased
biodiversity?

= To what extent is the history of biodiversity
influenced by adaptive radiation, chance, and
integration (e.g. non-Mendelian processes)?

B Ecological interactions and biodiversity

In nature, no organism lives in isolation, sepa-
rated from other individuals of its own or other
species. There is no life without biotic interaction.
Organismic interactions include genetic exchange,
disease and cultural transmission, while trophic
interactions (predation, parasitism, herbivory) in-
clude competition, facilitation, mutualism or sym-
biosis. At the population level, interactions are
related to resource consumption, space-occupancy,
and reproduction. At the community level, interac-
tions between individuals of different taxa (e.g.
host—pa thogen interactions) are a major force in
maintaining diversity.

Open questions about the driving function in
biodiversity of ecological interactions are:

= How strongly is animal and microbe diversity
linked to plant diversity, and can we expect
consistent biodiversity ratios?

= How does the population viability of species
depend on the presence of interacting species?



C Abiotic environmental impacts on biodiversty

Abiotic factors are environmental drivers of
biodiversity and represent the matrix for natural
selection. The main hypothesis to be tested is,
whether there is only one steady-state biodiversity
level (within a given pool of species) for a given
constellation of resource availabilities, environ-
mental conditions and disturbance regimes. There
is currently very little information about the abso-
lute and relative impacts of the various environ-
mental factors such as climate and climate varia-
bility, soil fertility, water availability, growing-sea-
son length, and stress factors (e.g. climatic or fire)
on the quantity and quality of biodiversity. As a
consequence, discussion continues between those
who assume biodiversity is mainly regulated by
abiotic environment and those who believe that
biodiversity itself is the major driver of its own
development and of the abiotic factors that are
thought to drive biodiversity.

Specific questions about abiotic environmental
impacts on biodiversity are:

=>» To what extent is this relationship dependent
on the spatial and temporal scale being consi-
dered, and are there situations leading to posi-
tive or negative feedback loops between abio-
tic factors and biodiversity?

=> Is current global change so rapid that it leads
to the extinction of all but the most generalist
species, which in turn has a further negative
impact on the environment?

Main trends and needs for further biodiversity research 13

D Unintentional human impacts on biodiversity

Most of the factors influencing biodiversity and
the current high rates of extinction are induced or
influenced by human activities. The immediate
reasons for the decline in biodiversity due to
human activity may vary between ecosystems and
also within ecosystems across a larger area. In
aquatic systems, pollution, acidification and eutro-
phication have serious negative effects on biodi-
versity. In terrestrial environments, the single most
important factor reducing biodiversity is human
land use and changes in land use, especially if
they lead to the loss of important habitat types.
Where traditional, small-scale land use often
increased biodiversity locally, conventional modern
agriculture, intensification of land use or abandon-
ment usually has the opposite effect. In terms of
effects on biodiversity, the quantitative changes in
species (or gene, ecotype, trait, functional group,
landscape type) abundances warrant increased
attention, because they may already occur when
the qualitative changes in richness (e.g. loss of
certain species, traits, etc.) are not yet apparent.
The quantitative changes in abundance can have
important consequences for ecosystems long
before richness is threatened by extinction; at the
same time, they may create an extinction depth
leading to richness loss in the long term.

Specific questions about unintentional impacts
of human activities on biodiversity are:

=> Is the microbial diversity so large and flexible
that it is not affected by human-triggered envi-
ronmental changes?

= To what extent is the dispersal of organisms
reduced by the fragmentation of landscapes?

= What are the consequences of limited disper-
sal abilities, e.g. in the case of climate change,
on biodiversity?

=> Is global warming affecting biodiversity at pre-
sent levels of human activity?

= How do governmental subsidies affect biodi-
versity?

Swiss Biodiversity Forum
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E Intentional human impacts on biodiversity:
management of biodiversity

The deliberate management of biodiversity by
humans is, in most cases, related to the manage-
ment of particular ecosystems or species, either
wanted and unwanted (invasive species, pests
and diseases). With the increased value ascribed
to biodiversity, independent of its particular com-
position, new information is needed on manage-
ment tools to enhance biodiversity in a locality.
This also requires tools for the assessment and
monitoring of biodiversity and tools to assess the
effectiveness of the management (see Chapter 2d:
Assessment of biodiversity). To maintain species
diversity (which is a key measure in the public
perception of biodiversity), all other levels of bio-
diversity are necessary preconditions. The direct
management of biodiversity occurs by introducing
measures of nature conservation, restoration eco-
logy or the management of resources that are
commercially exploited (e.g. in agriculture, fishe-
ries, game management, tourism, etc). On a level
above these particular measures, frame rules may
be set by environmental policy to obtain more
integrated biodiversity governance.

Possible management tools that need to be
developed are:

=> “Species management”: intentional eradication
of “unwanted” species such as weeds, pests,
pathogens, diseases; reintroduction of species
in their natural habitats, where they have
become extinct

=> Restoration or conservation of characteristic,
rare or species-rich habitat types (river
embankments, hedges, forest edges), creation
of ecological compensation areas

=> Policy instruments to reduce negative effects
on biodiversity exerted by transportation,
accessibility of pristine areas, population pres-
sure on natural ecosystems (land degradation),
homogenisation of land use

The following research questions must be
addressed in an effort to develop the science-
based management of biodiversity:

=> At what level and distance between habitats
can lost biodiversity be restored by natural
dispersal?

=>» Can minimum viable population sizes and
minimum population-specific genetic diversities
be estimated?

=>» Can natural disturbance be simulated by
management?

= How much “wilderness area” is needed to
keep the existing biodiversity?

=> Does focusing on regional economic activities
enhance biodiversity?

= What would be the overall economic conse-
quences be of a re-orientation in agricultural
policies (e.g. payments for providing ecosy-
stem services such as clean water, intact
landscapes, biodiversity protection)?



5c Biodiversity as a driver of ecosy-
stem functioning and basis for human
life

Despite its thin layer, the biosphere influences
the composition of atmosphere, soils and sedi-
ments substantially. To what extent is this influen-
ce modified by different levels of biodiversity?
How important are changes in biodiversity in rela-
tion to other kinds of change? The biosphere, with
its ecosystems of living organisms, is still a big
black box in our understanding of global physical
and chemical processes. This understanding is not
only a scientific challenge. We also need to know
to what extent the influences of biodiversity on
ecosystem functioning and environmental condi-
tions affect the basis for human life. Besides our
dependence on these “ecosystem services”, we
human beings belong to the living world and are
therefore naturally part of the ecological web. We
directly depend on or are influenced by other
organisms for nutrition, health (beneficial sym-
bionts, pathogens and diseases living within or
on the human body; organisms providing medici-
nal substances) and habitat (including clothing
and building materials). This interdependency
among the elements of specific environmental
systems and the interactions of different types of
systems, called “biocomplexity”, takes into
account that the individual components of envi-
ronmental systems provide only limited informa-
tion about the behaviour of the systems themsel-
ves.

Biodiversity and ecosystem functioning:

=> Biodiversity as a driver of the level of eco-
system variables A

=>» Biodiversity as a driver of the stability and pre-
dictability of ecosystem variables B

Biodiversity and human life:
=> Ecosystem functioning and ecosystem services

C
=> Direct effects of biodiversity on human life D

Main trends and needs for further biodiversity research

A Biodiversity as a driver of the level of ecosy-
stem variables

Functional groups of organisms or even single
species may affect ecosystem variables directly by
modifying pathways of energy and material flow (C-
, N-cycles), or indirectly by altering abiotic condi-
tions that regulate these flows. Affected ecosy-
stem variables include productivity, soil formation,
carbon and nitrogen storage, water filtration,
hydrology and microclimate, to name just a few.
Additionally, some ecosystem variables are driven
by the “information flow” of biodiversity itself,
e.g. levels of pollination, pests and diseases (e.g.
invasion control by niche occupation, pest control
by antagonistic interactions or by dilution of the
host species). As human activities influence the
abundance of species more frequently than the
presence of species, changes in species evenness
warrant increased attention in particular.

Research questions in addition to the direct
investigation of the driver function of biodiversity
on the level of ecosystem variables (perhaps at
the moment the most intensively addressed topic
in biodiversity research) are:

= What are the mechanisms behind demonstra-
ted biodiversity—ecosystem functioning rela-
tionships? (Selection, complementarity, facilita-
tion?)

= What is the relative contribution of plasticity
and genetic variation in ecological-functional
traits within and among species to biodiversity
effects on ecosystem processes?

= Are processes that lead to biodiversity change
correlated with resulting changes in ecosystem
functioning (random versus non-random extinc-
tion scenarios)?

Swiss Biodiversity Forum
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B Biodiversity as a driver of the stability and
predictability of ecosystem variables

Biodiversity may represent a form of biological
insurance against the loss or poor performance of
particular species. Therefore, high biodiversity
should enhance ecosystem reliability, where
reliability refers to the probability that a system
will provide a consistent level of performance
over a given unit of time. It implies that redund-
ancy (in the sense of having multiple species with
similar traits) is a stabilising component of biodi-
versity.

The main questions in this research field are

=» Is biodiversity correlated with ecological resi-
lience?

=> Does biodiversity provide system insurance
against environmental extremes?

=> Are there minimum levels of biodiversity for
sustained ecosystem integrity?

=>» How can we save the insurance potential of
biodiversity against future environmental chan-
ge?

C Ecosystem functioning and ecosystem ser-
vices

The effects of biodiversity on ecosystem func-
tioning are particularly relevant if the affected
variables can be considered as services provided
by ecosystems and the biosphere at large to sup-
port human life. There is a great need to develop
economic analysis tools to measure the impact of
these services on the well-being and wealth of
individuals and society.

Central questions are

=> Can real economic values be attributed to eco-
system services?

=> How can the stewards of biodiversity (farmers,
foresters, fishers, hunters, land owners) be
rewarded for providing ecosystem services
through the prudent management of biodiver-
sity?

D Direct effects of biodiversity

Biodiversity contributes in various ways to
useful products for mankind, e.g. the production
of food, fibre, building materials, energy, medici-
ne, cosmetics, fragrances, ornamental plants and
domestic animals. We use the rich diversity of
genetic information in modern biotechnology.
Furthermore, the extinction of, for example, one
quarter of all the species in Switzerland (the
rarest 25% per taxonomic class) may, at the very
least, have a dramatic psychological impact,
because we value the aesthetic, educational and
scientific aspects of biodiversity (e.g. biodiversity
as a source of knowledge and as an indicator for
the state of our natural and cultural environment).

Research priorities in this area include

= Methods and impacts of prospecting biodiver-
sity for genes and material compounds

=> Benefit sharing, property rights, access to
genetic resources



5d The assessment of biodiversity

Applying knowledge about drivers of biodiver-
sity, and about biodiversity as a driver itself,
requires assessment tools to measure the diffe-
rent components of biodiversity efficiently and
reliably. Aspects of biodiversity for which impro-
ved measurement methods should be developed
are the number of units, the distribution of units,
the genetic or phenotypic difference between
units, and the number and strength of interac-
tions between units. An important consideration
when measuring biodiversity is the scale and
level of organisation (e.g. genes, species or on
the ecosystem or landscape level). The compara-
bility of measurements and therefore the develop-
ment of internationally agreed standards is of
particular importance. Nevertheless, there will be
no single measure that can be used for all purpo-
ses or even to completely describe biodiversity, a
problem that makes comparability and standardi-
sation even more challenging. It should also be
made clear whether measurement units of biodi-
versity contain a valuation. For example, giving
priority to high small-scale (alpha) diversity may
imply beneficial effects on ecological resilience
(“balance of nature” implication), whereas giving
priority to high large-scale (gamma) diversity may
imply better preservation of endangered species.

Motives for measuring largely relate to mana-
gement policies (e.g. implementation of the
Convention on Biodiversity, the identification of
targets and actions for conservation, the need
to understand changes). Because of the great
urgency to measure biodiversity, also in situations
and places where human and financial resources
are limited, the measurement methods should be
efficient, easy to apply and robust. As not all
components of biodiversity can thus be mea-
sured, there is a need to develop indicators of
biodiversity. Indicators need to be representative
(of what they intend to measure), robust (against
variability caused by temporal dynamics and spa-
tial heterogeneity), sensitive (to changes in what
they intend to measure), measurable, cost ef-
fective and relevant to their end-users (indicators
selected according to management or policy ob-
jectives).

Main trends and needs for further biodiversity research

A national biodiversity monitoring programme
(www.biodiversitymonitoring.ch) was started in
Switzerland in 2001 and aims to provide long-
term data on selected indicators that record bio-
diversity. This programme concentrates on docu-
menting common and widespread species (plants,
birds, molluscs and mosses), as it is based on
large sampling grids covering the whole of
Switzerland. However, biodiversity is not distribu-
ted equally in the landscape and small structures
in particular, like hedges, rock faces or springs,
show high biodiversity and often bear very rare
species. Therefore, large sampling grids miss
many rare (but important) species, for which a
special monitoring programme should be added.

Specific research tasks that need to be ad-
dressed are:

=» Suitability of genetic markers to define taxono-
mic units in asexual organisms

= Assessment of microbial diversity in the diffe-
rent media (soil, sediment, water, air, other
organisms)

=>» Factors influencing biodiversity—area relation-
ships

= Systematics of all groups of organisms

=> Biodiversity inventories in neglected taxa,
habitats and areas

= Development of biodiversity information facili-
ties (e.g. databanks containing information
about species and collections)

=> Development of quick measurement tools for
biodiversity (involving the question of how
constant biodiversity ratios between different
taxa are)

Swiss Biodiversity Forum
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Strategies for developing

biodiversity research

What instruments lead to action in biodiversity
research? There is a need for lobbying groups to
secure support for biodiversity research in acade-
mic institutions, along with increased support for
basic life sciences. The basic and applied value of
integrative biodiversity research should be shown
in a policy paper. Toolboxes are needed and new
ways of funding must be found. Although we are,
to a certain degree, competitors for funds, we
should identify common interests first and lobby
for biodiversity research before focusing on parti-
cular interests. The present document should help

to develop further documents that meet the speci-

fic requirements of the identified lobbying targets.

Development of Swiss Research
Programmes (NRP)

Based on the ideas assembled in the Visions,
new research programmes should be developed
and submitted to the relevant authorities. The
Swiss Biodiversity Forum proposes two new natio-
nal research programmes (NRP): “Genetically
modified plants: benefits and risks” and “Nature
as a resource: the potential of and threat to the
diversity of life in Switzerland”. These issues have
been made the focus of international programmes
as well. Although the research activity suggestions
made have not been taken up in a first round in
2002, they should be further developed and pre-
sented again to the funding institutions in the
years to come.

Cooperation with DIVERSITAS and
other international research initiatives

Expertise summarized in the new research
areas can serve as important input to the interna-
tional biodiversity umbrella programme DIVERSI-
TAS. According to its new science plan, DIVERSI-
TAS wants to promote integrative biodiversity
science, linking different disciplines in order to
gain socially relevant knowledge and to provide
the scientific basis for the conservation and
sustainable use of biodiversity. The science plan is
divided into three core projects, whose elements
are defined in accordance with research areas
presented in this document.

Information made available on an international
level can trigger new research ideas in the global
research community and foster the setting up of
common research projects. Other potential rese-
arch partners are international research program-
mes such as the IGBP and may also involve inter-
national funding agencies like DFG (Germany),
NSF (USA) and NERC (UK).

Dialogue with nature conservation
authorities

Authorities have to implement legal frame-
works and thus need scientific expertise. The
results of biodiversity research outlined here
should lead to applicable management guidelines
and provide basic information for quality control
systems (e.g. in the ecological compensation
system of the Swiss agricultural policy). One of
the mid-term goals of the Swiss Biodiversity
Forum is the development of a preventive early-
warning mechanism, which anticipates future pro-
blems in nature and landscape conservation. This
should be achieved by close collaboration bet-
ween practitioners, such as the cantonal conferen-
ce of the authorities for nature and landscape
conservation (KBNL).



Cooperation between research institu-
tions in Switzerland

Opportunities defined in the present document
include lobbying at the university level aimed at
the creation of new professorships in the field of
biodiversity, the strengthening of links between
research institutions and the development of PhD
programmes in biodiversity.

Based on the visions, new research projects at
the inter-institutional level should be designed
and thus bring researchers from different discipli-
nes together. The research areas outlined in this

document require research activities across institu-

tional and disciplinary borders.

Strategies for developing biodiversity research

General lobbying for biodiversity re-
search by concerted action

The setting up of a lobby group for biodiversi-
ty in general requires coordinated actions in diffe-
rent areas on a long-term basis. We think that an
effective lobbying for biodiversity research requi-
res the establishment of biodiversity as an essen-
tial concept of life within society. Only if people
accept and recognize biodiversity as an important
and thus interesting issue, can broad support for
research activities in the service of society be
achieved. This will be a long-term task.

The topic of mainstreaming was raised in the
Forum’s new project on “Education and Public
Awareness”, which was developed in a thematic
workshop in May 2002. Some fundamental ques-
tions raised in these Visions can serve as means
to stress the importance of biodiversity research
and to identify questions of major interest for the
general public.

Biodiversity should not only be the subject of
intense research activities; it should also become
a commonly accepted concept in society. The
mainstreaming required to achieve this aim will
have to take place on different levels and be
aimed at different target publics, policy makers
being one of these. For this purpose, specific
information transfer should be institutionalised.
Well-timed presentations about specific topics and
fact sheets dealing with issues reflecting the poli-
tical agenda could play an important role in this
knowledge transfer system. In addition to these
institutionalised means, media-relevant events
should be organized, such as biodiversity days or
open days at biodiversity research institutes.

In the long term, a policy observation service
should be established, in order to be able to
bring in scientific expertise preventively, in
response to evolving political issues rather than
in reaction to decisions already taken.

Swiss Biodiversity Forum
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Role of the

“Visions in biodiversity research”

The writing of the “Visions in biodiversity re-
search” was partly prompted by a document on
research into sustainability and global change
written by Swiss researchers in the field of envi-
ronmental research (“Visionen der Forschenden.
Forschung zu Nachhaltigkeit und Globalem Wandel
— Wissenschaftspolitische Visionen der Schweizer
Forschenden”, June 1997, CASS/ProClim-). In that
document, the authors analyse the complexity of
problems concerning sustainability and describe
the environmental research needed to address
those problems. The contribution of science to
sustainable development is described as being as
the integration of three different types of know-
ledge: system knowledge, target knowledge and
transformation knowledge. The “visions in biodi-
versity research” presented here represent an
integrative, biodiversity-specific contribution to
this overall role of science and respect the more
globally defined guidelines of visions in the areas
of sustainability and global change. The fields of

future biodiversity research proposed here integra-

te the different types of knowledge identified in
the CASS document.

DIVERSITAS, the international programme of
biodiversity science, has recently elaborated a
new science plan, which is divided into three dif-
ferent core projects. These projects (Discovering
biodiversity and predicting its changes, Assessing
impacts of biodiversity changes, Developing the
science of conservation and sustainable use of
biodiversity) match to a great extent the issues
raised here and can therefore be a basis for
enhanced future collaboration between Swiss
scientists and DIVERSITAS.

In the concept for environmental research (For-
schungskonzept Umwelt fiir die Jahre 2004-2007)
by the Advisory Commission on Environmental
Research (BKUF) of the SAEFL (BUWAL), three of
the four focal research points defined deal either
directly or indirectly with aspects of biodiversity.
One of them, directly linked to biodiversity, is
“Loss of natural resources and the biological and
the landscape diversity” (e.g. biodiversity, biodi-
versity monitoring). According to the description,
this focal point sets very similar priorities to those
defined here. Among them are:

= System knowledge of biodiversity and land-
scape:
Identification of the role of biodiversity in the
functioning of ecosystems, quantification of
the impact of human activities on extinction
processes and interference with competition
effects, maintenance of regeneration of ecosy-
stems

=>» System knowledge of indicators and monito-
ring:
Development and testing of indicator systems
for the monitoring of complex processes,
enhancement of knowledge through monito-
ring, accessibility of data gathered

=>» Target knowledge of biodiversity and land-
scape:
Knowledge of how to use ecosystems in a
sustainable way, modelling, definition of con-
servation goals, perspectives of landscape evo-
lution.

=>» Transformation knowledge of incentive mea-
sures:
Incentive models aiming at conserving intact
landscapes, new forms of cooperation in order
to reconcile different soil and landscape use
requirements, development of participative use
systems



Two other priorities, indirectly related to biodi-
versity, are ‘Handling of risks by society (integral
risk management related, for example, to natural
hazards or genetic engineering)’ and ‘Climate
change and its effects on nature and society’ are
partly related to biodiversity research.

The report makes special mention of the ove-
rall need for transformation knowledge, in addi-
tion to enhanced system and target knowledge.
Furthermore, the BKUF demands the enhancement
of transdisciplinarity and its common acknowledg-
ment as an appropriate research approach. The
BKUF suggests several incentive measures to
achieve this goal, among others the provision of
finances, a redefinition of submission systems for
environmental research projects and the reorgani-
sation of educational structures.

Role of the “Visions in biodiversity research” 21

Future needs for biodiversity research

Although several issues related to inter- and
transdisciplinarity have been raised in this docu-
ment without explicit mention, the Swiss
Biodiversity Forum as a scientific group sees its
role mainly as one of creating basic knowledge to
fill the gaps identified by its scientific members.
The overall goal is to develop new research pro-
grammes in collaboration with experts from other
research disciplines.

Additional target knowledge and transforma-
tion knowledge should be gained in specific inter-
or transdisciplinary research and discussion
groups, such as the focal point on ‘Ecosystem
Research’ or the ‘Trans-Disciplinarity Net’, both of
which are future projects of the Swiss Academy of
Sciences (SANW). These inter-academic platforms
will be ideal institutions within which to discuss
and develop further research topics related to bio-
diversity in the context of society, the economy
and the environment.

The document “Visions in biodiversity re-
search” outlines research needs in the field of bio-
diversity at the beginning of the decade. However,
in order to evaluate future needs for research in
this fast moving field, the process leading to
these visions should be repeated every 5—10
years. This will make it possible to integrate re-
cent research results and to identify future needs
of biodiversity research.

The visions presented here mark the starting
point of a periodical evaluation process, based on
the experience of researchers in the field of biodi-
versity in Switzerland.

Swiss Biodiversity Forum
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Authorship

Switzerland was one of the first countries with
a national interdisciplinary research programme on
biodiversity (Integrated Project Biodiversity of the
Swiss Priority Programme Environment, 1993—
2001). Several authors of the present document
took part in that programme and are now mem-
bers of the Swiss Biodiversity Forum, a long-term
project of the Swiss Academy of Science (SANW).

The Swiss Biodiversity Forum provides a natio-
nal network of experts and a platform for informa-
tion exchange in the field of biodiversity research.
It was created in order to continue and strengthen
collaboration, integrate and share knowledge wit-
hin the biodiversity research community, stimulate
interdisciplinary and transdisciplinary research pro-
jects and intensify communication between scien-
tists and land-users, conservation agencies, admi-
nistrative authorities and the public. The Swiss
Biodiversity Forum is the national committee of
DIVERSITAS in Switzerland.

The members of the Swiss Biodiversity Forum
work in a wide variety of biodiversity research
fields and the consortium as a whole can therefo-
re claim to have a comprehensive view of biodi-
versity science as a whole. At the end of 2000,
the Forum circulated among its members an open-
ended questionnaire with the aid of which it
gathered ideas for the “Visions in biodiversity
research” (see Annex). These ideas were then
discussed at a workshop in March 2001 and
assembled in a structure draft document. The
document was subsequently edited by the project
leader Eva Spehn and then discussed and revie-
wed in further rounds by e-mail and at a meeting
in November 2001. It was further developed by
integrating new aspects concerning the future role
of the Forum as a novel institution of the SANW.
The following people contributed to the docu-
ment:

Claude Auroi, Institut universitaire d'études du
développement IUED, Genéve

Bruno Baur, Institut fiir Natur-, Landschafts- und
Umweltschutz, Universitat Basel

Thomas Boller, Botanisches Institut, Universitat
Basel

Peter Duelli, Eidgendssische Forschungsanstalt fiir
Wald, Schnee und Landschaft, Birmensdorf

Peter Edwards, Geobotanisches Institut, ETH
Zirich

Peter Endress, Institut fiir Systematische Botanik,
Universitat Zirich

Lukas Jenni, Schweizerische Vogelwarte, Sempach

Laurent Keller, Institut d'écologie, Université de
Lausanne

Christian Korner, Botanisches Institut, Universitat
Basel

Jean-Bernard Lachavanne, Laboratoire d'écologie
et de biologie aquatique, Université de Genéve

Heinz Miiller-Scharer, Département de
Biologie/Ecologie & Evolution, Université de
Fribourg

Wolfgang Nentwig, Zoologisches Institut,
Universitat Bern

Daniela Pauli, Swiss Biodiversity Forum, Bern

Kathrin Peter, Evaluationen, Bern

Martine Rahier, Institut de Zoologie, Université de
Neuchatel

Christoph Rehmann-Sutter, Institut fiir Geschichte
der Medizin, Universitat Basel

Engelbert Ruoss, Natur-Museum Luzern

Bernhard Schmid, Institut fiir
Umweltwissenschaften, Universitdt Zirich

Irmi Seidl, Institut fiir Umweltwissenschaften,
Universitat Zirich

Eva Spehn, Botanisches Institut, Basel

Mathias Villiger, Swiss Biodiversity Forum, Bern

Thomas Walter, Eidgendssische Forschungsanstalt
fiir Agrarokologie und Landbau, Reckenholz

Niklaus Zbinden, Schweizerische Vogelwarte,
Sempach
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of Sciences)
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Methods / synthesis process leading to the
“Visions in biodiversity research”

1. Questionnaire

In order to assess and evaluate the current
issues and gaps in biodiversity research, a que-
stionnaire was sent to all members of the Swiss

Biodiversity Forum (23 experts). Thirteen question-

naires were filled out and returned. The question-
naire included both closed and open questions.
Experts were also asked to rank items on a pro-
posed a list of biodiversity areas according to the
need for further research.

2. Workshop

A workshop of the members of the Swiss
Biodiversity Forum was held on 14-15 March 2001
in Montézillon, Switzerland. The first day started
with a presentation of the questionnaire results
and a discussion of the aims and possible pro-
ducts of the workshop. A variety of lobbying stra-
tegies for biodiversity research was then assem-
bled, after which there was a session aimed at
defining a “new integrated biodiversity science”.
Finally, individual research questions (hypotheses)
arising from the questionnaire were clustered
under the following subtitles:

= Concept of biodiversity

= Assessment of biodiversity

=>» Influence of biodiversity on ecosystems
=> Benefits of biodiversity

= Natural drivers of biodiversity

=>» Human drivers of biodiversity

On the second day, the participants at the
workshop divided into three subgroups, each of
which worked on two of the clusters. This work
resulted in the three areas of research that we
believe can serve as a basis for larger research
programme proposals:

= Assessment of biodiversity, concept of biodi-
versity

= Influence of biodiversity on ecosystems, bene-
fits of biodiversity

=>» Natural drivers, human drivers of biodiversity

After the presentation and discussion of the
results of each subgroup, the participants at the
workshop drew up an outline of the present docu-
ment and discussed further steps to be taken
after the workshop.



Methods / synthesis process leading to the “Visions in biodiversity research”

3. Further Steps (conducted and
ongoing)

=>» Synthesis of the workshop: “Visions in biodi-
versity research” (Eva Spehn)
= Feedback from participants, filling of gaps,
further elaboration of topics
=>» Further development of chapters and positio-
ning of the Visions within the institutional
framework of the Swiss academies of science
(SANW, SAGW) and comparison with other
national and international research plans
=> Distribution of the final synthesis paper to
target groups:
~ The Swiss and international scientific com-
munity and international research networks
(IGBP, DIVERSITAS)
~ Swiss funding agencies (SNF, federal
agencies, universities)
~ Other national funding agencies
(DFG, Germany; NSF, USA; NERC, UK)
~ European funding agencies (ESF, EU
Commission)
~ Societies (Ecological Society of America,
British Ecological Society)
~ Research implementors (environmental
agencies, Swiss Science Council, Swiss
University Commission)
~ The media and the general public
=» Production of further documents to be used
when lobbying for biodiversity research

Swiss Biodiversity Forum
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Towards a new integrative biodiversity science

In this document, members of the Swiss Bio-
diversity Forum present their ideas for a new and
integrative approach to biodiversity research. The

ultimate aim of the document is to stimulate rese-

arch that improves our understanding of the pro-
cesses affecting biodiversity and which enables us
to conserve this vital natural resource and use it
sustainably.

The specific goals of the ‘Visions’ referred to
in the title of this paper are: (i) to describe the
main areas of biodiversity research, (ii) to identify
some of the major gaps and deficiencies in our
knowledge, (iii) to develop strategies for streng-
thening biodiversity research, and (iv) to provide
the baseline information needed for future discus-
sions about funding priorities.

The proposals for new research areas are
based on the considerable expertise of Forum
scientists in the field of biodiversity research, and
in particular on the experience gained during the
ten years of the Swiss Priority Programme
Environment (SPPU), which was completed in
2002.

Four principal focus areas are identified as
essential for an integrated approach to biodi-
versity science. These are:

a The concept of biodiversity

b Natural and anthropogenic drivers of biodiver-
sity

¢ Biodiversity as a driver of ecosystem functio-
ning and the basis for human life

d The assessment of biodiversity

Each of these research fields is briefly described.

The paper provides a sound basis for the pre-
paration of documents designed to support lob-
bying efforts when seeking increased funding for
Biodiversity research, in order to improve the
ability of the scientific community to answer
important questions relevant to ecology, society
and economy.

As well as identifying research priorities for
those working within the field of biodiversity in
Switzerland, the document sets out the importan-
ce of this research in the wider context of a rese-
arch strategy to tackle issues connected with
sustainability and global change. The importance
of such a coherent strategy was emphasised by
the Swiss scientific community in a brochure
published in 1997.
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