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1 Executive summary

Background

The legal frameworks regulating the approval and use of genetically modified (GM) crops re-
quire both notifier (i.e., usually the company marketing the GM crop) and regulatory authorities
to decide which environmental changes are relevant and represent environmental damage. The
current debate on potential risks of GM crops on biodiversity illustrates that consensus on crite-
ria that would allow an objective valuation of environmental damage is presently lacking. Tools
to improve decision-making are needed, otherwise decisions on environmental risks of GM
crops could be arbitrary. The ESF Exploratory Workshop on “Developing criteria for an ecologi-
cal and ethical valuation of environmental impacts of genetically modified crops” taking place in
Engelberg, Switzerland, from 4-6 June 2008 aimed at developing a new approach for the valua-
tion of environmental damage. The workshop provided an opportunity to discuss both ecological
and ethical questions among the participating experts that came from a wide range of fields in-
cluding ethics, agro-ecology, agronomy, regulation and the agricultural biotechnology industry.

The 2 % days workshop included both plenary sessions providing introductory talks and
group works with synthesis discussions. The first day covered existing conceptions of environ-
mental damage from an ecological, ethical and legal point of view. The second day dealt with
existing impacts of agricultural management on biodiversity and included an evaluation of pro-
posed criteria for the valuation of damage to biodiversity. Finally, the last half day of the work-

shop was devoted to an extended feedback round and discussions on follow-up activities.

Existing criteria for the evaluation of environmental damage

The aim of the first group work was to elaborate an introduction to existing criteria for envi-
ronmental damage from the perspective of the respective fields. Participants were thus grouped
according to their expertise into the three groups Regulation, Ethics and Ecology. The working
group Regulation concluded that the protection goals as specified by existing legislation were
the exclusive starting point for a definition of the term damage. Any negative effect on these
protection goals would consequently constitute damage. They furthermore noted that protection
goals may differ among member states of the European Union (EU) and have thus to be de-
fined accordingly by policy-makers or by the society. The working group Ecology proposed to
use a case-by-case matrix as a tool when approaching the term damage. Protection goals were
separated into two principal aspects: Conservation and Ecological functions. It was proposed to
assess damage to each of the two aspects according to a number of criteria such as intensity,
time and spatial scale, reversibility and economic impact of the effect. Finding an operational
way of measuring these criteria was recognized as the most critical point related to such an as-

sessment. The discussion within the working group Ethics revealed that there was little consen-



sus among the involved group members on a status quo regarding an ethical approach to envi-
ronmental damage. Some of the group members proposed to use an ethical matrix that was
composed of the two axis Stakeholders and Ethical Principles. This approach was, however, not
supported by all group members.

Evaluation of pre-selected criteria for environmental damage

The second group work was based on the results of the first group work that had been elabo-
rated on the previous day of the workshop. Its aim was to evaluate and weigh the list of dis-
cussed criteria for environmental damage with regard to their applicability in decision-making
processes. Participants were randomly grouped into three interdisciplinary working groups and
each working group concentrated on a specific environmental compartment (floral, arthropod or
soil biodiversity). Given that both the group on floral biodiversity and on arthropod biodiversity
had structured their group work based on matrices (as one possible way to approach the defini-
tion of criteria as proposed on day 1 of the Exploratory Workshop), the synthesis of the results
started with a condensed matrix combining the ecological and the ethical criteria on one axis
and the two biodiversity goals Conservation and Ecological functions on the other axis. The
subsequent discussions, however, demonstrated that finding an operational way of measuring
and evaluating the various proposed criteria for the three environmental compartments turned
out to be to be challenging. The discussions clearly showed that the matrix approach has opera-
tional limits since it can only be used on a case-by-case basis and only if the pre-conditions to
be considered are defined. Defining the pre-conditions, however, is not a straightforward proc-

ess since this includes defining the protection goals and the baseline to be considered.

Feedback and follow-up activities

The discussion during the group works and in the plenum illustrated that both protection
goals and baseline were two consistently emerging issues. Regarding protection goals it was
noted that these should be independent from the technology used and the question was asked
how they were set, by which process and by whom. Baselines were recognized to be the crucial
point of any decision-making process to determine what makes a change a damage. This
automatically led to the question what baseline should be applied, that is, what agricultural
management practice would be the most suitable benchmark when assessing potential effects
of GM crops. It was also recognized that protection goals and baselines are two interlinked is-
sues, which are difficult to separate since both are based on existing policies and legislation.
Elaborating a guidance document that would not necessarily be restricted to one particular
country could become challenging since legal frameworks and policies can considerably vary
among EU member states. A guidance document that is as broadly applicable as possible

should nevertheless remain the main objective of the work following this Exploratory Workshop.



2 Introduction

Within the legal frameworks regulating the approval and use of GM crops, both notifier (i.e.,
usually the company marketing the GM crop) and regulatory authorities have to decide which
environmental changes are relevant and represent environmental damage that requires correc-
tive action. The current debate on potential risks of GM crops on biodiversity illustrates that con-
sensus on criteria that would allow an objective valuation of environmental damage is presently
lacking. This is mostly due to the fact that the criteria that have so far been proposed to assist
regulatory authorities in the evaluation of environmental impacts of GM crops are difficult to ap-
ply in actual situations of decision-making. Regulatory authorities need a tool to improve deci-
sion-making, otherwise decisions on environmental risks of GM crops could be arbitrary. The
conception of environmental damage covers both ecological and ethical questions. Damage can
thus not be defined on a purely scientific basis, but only together with an ethical evaluation.

The convenors are currently working on an interdisciplinary project called “Valuating envi-
ronmental impacts of GM crops - ecological and ethical criteria for regulatory decision-making
(VERDI)” linking environmental biosafety and ethics. It aims at defining practicable and science-
based decision criteria to valuate effects of GM crops on biodiversity. Concentrating on envi-
ronmental impacts of GM crops on biodiversity, the aim is to develop a new approach for the
valuation of environmental damage. One proposed approach could be to compare the effects of
GM crops to known environmental impacts of current modern agricultural management prac-
tices. The final aim of the project is to provide regulatory authorities with a guidance document
to improve environmental decision-making. The document will include applicable and science-
based decision criteria to valuate impacts on biodiversity both from an ecological and an ethical
point of view.

The Exploratory Workshop on “Developing criteria for an ecological and ethical valuation of
environmental impacts of genetically modified crops” that took place in Engelberg, Switzerland,
from 4-6 June 2008 was a first step to address both the ecological and the ethical questions
involved in making this approach operational. It provided an opportunity to discuss various
questions among the participating experts that came from a wide range of fields including eth-
ics, agro-ecology, agronomy, regulation and the agricultural biotechnology industry.

The workshop was organized over 2 %2 days and contained both plenary sessions providing
introductory talks and group works with synthesis discussions. The first day covered existing
conceptions of environmental damage from an ecological, ethical and legal point of view. The
second day dealt with existing impacts of agricultural management on biodiversity and included
an evaluation of proposed criteria for the valuation of damage to biodiversity. Finally, the last
half day of the workshop was devoted to an extended feedback round and discussions on fol-

low-up activities.



3 Scientific content of the Exploratory Workshop

3.1 Introduction to the workshop

In his welcome address, Franz Bigler introduced participants to the background, the main
goals and the schedule of the Exploratory Workshop. The main expected outcomes of the Ex-
ploratory Workshop were to

1) Find a consensus on a first set of applicable criteria to evaluate environmental damage,

2) Make a synthesis of challenges for decision-making when applying the elaborated list of

criteria,

3) Identify the most important ecological and ethical knowledge gaps to be subsequently

used as a basis for future work,

4) Obtain feedback from participants on the approach chosen, on follow-up activities and

on possible collaborations.

Subsequently the ESF representative Zeljko Kucan gave an overview on the objectives of
the European Science Foundation and its different funding possibilities. The introduction to the

workshop was completed by a short round of introductions of all participants.

3.2 Plenary session 1:
Introductory talks on existing conceptions of environmental damage

In order to prepare participants for the first group work, the first plenary session chaired by
Jeremy Sweet aimed at introducing existing conceptions of environmental damage from an eco-
logical, an ethical and a legal point of view.

Olivier Sanvido started his presentation on the ecological perspective of environmental dam-
age by presenting existing definitions of the term “environmental damage” to biodiversity. He
identified three common features of all proposed definitions: damage is occurring to a natural
resource or resource service (such as conservation and sustainable use of biodiversity), it is
characterized by an adverse change and it should be measurable by some means. These three
common features lead to three fundamental questions: (1) what to protect, (2) what is adverse
and (3) what to measure? He closed his talk by formulating three main conclusions. Regarding
the question what to protect, he noted that the concept of biodiversity is well defined in theory,
but in practice there are a number of knowledge gaps. How can scientist and policy-maker de-
termine what needs protection? Regarding the question what is adverse he specified that a
purely scientific definition of what has to be considered adverse is impossible. Decision-making
processes are always influenced by ethical values, political, social and economical factors. The

guestion then arises, how strong we weigh the different fields. Finally, for the question what to



measure he concluded that we can only valuate what we perceive and thus the question re-
mains how we decide what we have to focus on.

Andreas Bachmann, who substituted Klaus Peter Rippe, unfortunately not being able to at-
tend the workshop, presented an ethicist look at environmental damage. He started with ex-
plaining the fundamental basis of damage having a genuinely normative aspect since it refers to
goods and values that deserve protection. By definition damage is thus a change which should
be evaluated negatively. He introduced three different kind of values: instrumental value (the
environment should be protected because it provides benefits to human), relational value (it
should be protected because someone considers it worthy of protection), and inherent value (it
should be protected for its own sake). The three kinds of values refer to three different kinds of
damage: damage to humans in case of instrumental value, damage to the beholder in case of
relational value and damage to the environment itself for intrinsic value. He moreover pointed
out that there are two necessary conditions for damage. First, the existence-criterion defines
that something that does not exist (e.g., a nation) cannot be harmed. Second, sentientism
claims that an intervention can only be harmful if it is experienced as such. He thus concluded
that ecosystems by themselves cannot be harmed since they only exist in a nominal sense and
they are not sentient beings. Hence, only living individuals inside or outside ecological systems
may be harmed (by changes of these systems) as they meet the criteria mentioned. Ultimately,
from an ethical point of view it has thus to be determined whether human or sentient beings are
harmed.

Finally Julian Kinderlerer discussed the legal approaches to environmental damage. He
stated that legal approaches crucially depend upon definitions. He took the Cartagena Protocol
on Biosafety as an example for an international treaty that seeks to protect biological diversity
from the potential risks posed by genetically modified organisms. He noted that damage to the
“conservation and sustainable use of biological diversity” is described with terms such as “ad-
verse environmental impacts” or “serious or irreversible”. He argued that, although there are
attempts to define these terms in the legislation, most terms currently used in legal texts lack
appropriate operational definitions. Most often the definitions remain ambiguous making clear

decision difficult.

3.3 Group work 1:
Identification of existing criteria for the evaluation of environmental damage
The aim of this first group work was to elaborate an introduction to existing criteria for envi-
ronmental damage from the perspective of the respective fields and backgrounds of the partici-
pants. For the first group work, participants were thus grouped according to their expertise into

the three workings groups Regulation, Ethics and Ecology/Agronomy (see Table 1).


http://www.cbd.int/biosafety/faqs.shtml?area=biotechnology&faq=3

Table 1: Grouping of participants for group work 1 according to their respective expertisel)

Regulation Ethics Ecology / Agronomy
Devos Bachmann Bigler
Gathmann Kaiser Bohanec
Gielkens Perry Duelli
Kiss Raybould Cortet
Kinderlerer Roupakias Ekbom
Link Von Troil Krogh
Linnestad Welin Kudsk
Pleysier Kalediene
Sweet Sanvido
Wust-Saucy

1) The ESF representative Z. Kucan and the moderator K. Sinemus did not participate in the group work

Participants had 1.5 h to discuss the given task in their group and to document the outcomes

of their discussion on a pin board. After the lunch break, participants met again in the plenum

for a feedback circuit. The plenum was split into three random groups for the feedback circuit

and one rapporteur per working group presented his results to each of the three mixed groups.

Participants that had not taken part in the respective group discussions gave their feedbacks on

each of the three group work results (see Figure la-c for detailed results of each working

group).

Regulation

Group work 1 — group results plus participants feedback
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Criteria for environmental damage
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Protection goals ghices
independent from
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: Risk-benefit-analysis
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Conservgtion Conservation: what
By whom? strategies is the status quo?
By which process?

Extinction of species
(Swiss legislation)

Ecosystem services

Tiered approach
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(ii) functional level

Socio-economic
impacts
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Political criteria

What do regulators
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Figure 1a: Results of group work 1 “Regulation” (feedback by participants is indicated in orange)



Group work 1 — group results plus participants feedback
Emerging pests
. . . (population level)
ECOIOgy Criteria for environmental damage ——
Productivity
Spatial scale

Intensity of effect Time scale / duration eco-zone, country, Irreversibility
continent, world

Species loss / Red-list species /
extinction Keystone species
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replacement
(Invasive species)

Loss of genetic
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— -
Ecosystem services Ecosystem resilience

Conservation & Ecological function

Figure 1b: Results of group work 1 “Ecology” (feedback by participants is indicated in orange)

Group work 1 — group results plus participants feedback
Ethics Criteria for environmental damage
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Figure 1c: Results of group work 1 “Ethics” (feedback by participants is indicated in orange)




The final plenary session of the day was moderated by Kristina Sinemus and aimed at con-
densing the elaborated results of group work 1. The results of each working group on how crite-
ria for the evaluation of environmental damage could be defined from their point of expertise
plus the obtained feedback from the other participants were presented to the plenum by a rap-
porteur of each of the 3 working groups.

The working group Regulation concluded that protection goals as specified by existing legis-
lation were the exclusive starting point for a definition of the term damage (Figure 2a). Any
negative effect on these protection goals would consequently constitute damage. They noted
that protection goals are different for each EU member state and have thus to be defined ac-
cordingly by policy-makers or by the society.

The working group Ecology proposed to use a case-by-case matrix as a tool when approach-
ing the term damage from an ecological perspective (Figure 2b). Protection goals were sepa-
rated into two principal aspects: (1) Conservation and (2) Ecological functions. Damage to con-
servation was, for example, specified as species extinction or loss of habitats, loss of genetic
diversity, or loss of red-list species. Damage to ecological functions was defined as damage to
ecosystem services or to key-stone species. It was proposed to assess damage to each of the
two aspects according to a number of criteria such as intensity, time scale/duration, spatial
scale, reversibility and economic impact of the effect. Finding a possibility or an operational way
of measuring these criteria was recognized as the most critical point related to such an assess-

ment.

Group work 1 — condensed results

Regu lation Criteria for environmental damage
Condensed results

Social values are
missing — others as
well

Starting point

Negative effect on

Protection goals protection goals

Protection goals are different for each country
and have to be defined accordingly by policy-
makers (i.e., by the society)

Negative effect on Biodiversity

the protection goal

Points to consider:
2001/18/EC Annex Ill

Damage compared to
what?

Figure 2a: Condensed results of group work 1 “Regulation”



Group work 1 — condensed results

Eco|ogy Criteria for environmental damage
Condensed results

| Conservation

(e.g. species extinction, loss of
habitats, genetic diversity, red-list
species)

Il Ecological functions
(e.g. ecosystem services, key-stone
species)

Intensity of effect

Time scale / duration

Spatial scale

Reversibilty

Economic impact

Figure 2b: Condensed results of group work 1 “Ecology”

Group work 1 — condensed results

Ethics Criteria for environmental damage
Condensed results

Principles

Benefit Damage Fairness Dignity Naturalness
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Environment

Stakeholders
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Figure 2c¢: Condensed results of group work 1 “Ethics”



The discussion within the working group Ethics revealed that there was little consensus
among the involved group members on a status quo regarding an ethical approach to environ-
mental damage. Some of the group members proposed to use an ethical matrix that was com-
posed of the two axis Stakeholders and Ethical Principles (Figure 2c). Stakeholders could, for
example, include consumers, farmers, the environment, animals and be supplemented by addi-
tional stakeholders if necessary. The ethical principles to be considered could include among
others benefits, damage, fairness, dignity and naturalness. Transparency and quality assurance
of the ethical weighing process and method were recognised to be the most crucial points in
such a process. Not all group members, however, supported such an approach.

3.4 Plenary session 2:
Introductory talks on the impacts of agricultural management on biodiversity

The second day of the Exploratory Workshop started with a plenary session chaired by
Jozsef Kiss offering three introductory talks on the impacts of agricultural management on biodi-
versity.

In the first talk on botanical diversity in farmlands and fields, Jeremy Sweet explained that
farmland biodiversity is composed of different levels such as the landscape, the farm and the
field scale. He illustrated that post-war farming trends have led to an intensification of agriculture
in Europe including larger field units, increased fertilizer and agrochemical usage, and higher
seed purity. All of these changes have led to a smaller range of weed species in arable fields
and in grassland. This inevitably also resulted in food chain effects, given that fewer weeds
translate into less food for insects, birds and small mammals. He further showed that modern
integrated pest management strategies (including the use of GM herbicide tolerant varieties)
aims at achieving a balance between necessary weed control and sustaining of farmland biodi-
versity.

In the second talk Franz Bigler, used three examples to illustrate the impacts of agricultural
management on arthropod biodiversity. In the first example relating to the cultivation of maize,
he showed that different soil management and soil cover, as well as different herbicide and ni-
trogen use that can be applied in maize cropping systems, led to altered arthropod patterns.
Using a maize meadow or leaving a cover of dead plant material usually led to significantly
higher arthropod abundances when compared to conventional maize cropping systems with
bare ground. In the second example, he showed that pesticides had a greater negative impact
on non-target arthropods than transgenic Bt-maize, expressing the insecticidal protein CrylAb
from Bacillus thuringiensis, given the lack of specificity of the toxins contained in synthetic pesti-
cides. In the last example, he demonstrated that current agricultural practices such as mowing
can have tremendous impacts on the survival of insects. The use of a rotary cutter with a follow-
up processor, for example, can kill up to 60% of the honey bees present in the bloom layer of a

meadow. This obviously seems acceptable since mowing does not seem to be a contested ag-
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ricultural management technique. He concluded that effects on biodiversity of the same magni-
tude, but caused by different practices, are often valuated differently by the society.

The last talk by Paul Henning Krogh dealt with soil biodiversity. He introduced participants to
the various forms of soil invertebrate diversity and the various life forms occurring therein. He
summarized the results of a large EU project (ECOGEN) assessing the effects of GM cropping
systems on soil biodiversity. The results of ECOGEN showed no effects of Bt-plants on earth-
worms and collembola. In case effects had been observed, they were most likely not due to the
Bt-toxin, but to plant nutrient constituents. He noted that the most important parameters affect-
ing soil micro-arthropods were soil type, age of the current soil conditions and tillage practices.
He concluded that a risk assessment for soil environments must include the following elements
of agricultural practice: crops and cropping sequences, pesticides and pesticide scenarios, till-

age systems and fertilisation.

3.5 Group work 2:
Evaluation of pre-selected criteria for environmental damage

The starting points of the second group work were the condensed results of group work 1
that had been elaborated at the end of day 1 of the Exploratory Workshop (see Figures 2a-c).
The aim of group work 2 was to evaluate and weigh the list of discussed and pre-selected crite-
ria for environmental damage with regard to their applicability in decision-making processes,
their methodological limits, potential dilemmas and knowledge gaps. Participants were randomly
grouped into three interdisciplinary working groups (Table 2). Each working group concentrated
on a specific environmental compartment (floral, arthropod or soil biodiversity) and used two
case studies (Bt-maize and herbicide-tolerant oilseed rape) for their discussion. Each group had
2:45 h to discuss the given task and to document their results on a pin-board (see Figure 3a-c
for details).

Table 2: Random grouping of participants for group work 2 into three different environmental compartmentsl)

Flora Arthropods Soil

Devos Bigler Bachmann
Kaiser Duelli Bohanec
Kudsk Ekbom Cortet
Linnestad Gathmann Gielkens
Perry Kiss Kalediene
Pleysier Link Kinderlerer
Raybould Von Troil Krogh
Roupakias Welin Wust-Saucy
Sanvido

Sweet

1) The ESF representative Z. Kucan and the moderator K. Sinemus did not participate in the group work
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Group work 2 — group results
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Figure 3a: Results of group work 2 “Floral biodiversity” divided into the two components ecology and ethics
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Group work 2 — group results
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Figure 3a: Results of group work 2 “Arthropod biodiversity” divided into the two components ecology and ethics
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Figure 3c: Results of group work 2 “Soil biodiversity”
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The plenary session at the end of day 2 aimed at collecting the different results obtained in
the three working groups during group work 2 and at identifying the common features among
the three discussed environmental compartments flora, arthropod and soil biodiversity. The ses-
sion also aimed at possibly elaborating a synthesis of the results that could be used for future
work. The results of each of the three working groups were presented to the plenum by a rap-
porteur.

Given that both the group on floral biodiversity and the one on arthropod biodiversity had
structured their group work based on matrices (as one possible way to approach the definition
of criteria as proposed on day 1 of the Exploratory Workshop), the chair of the plenary session
Kristina Sinemus started to synthesise the results by proposing a condensed matrix combining
the ecological and the ethical criteria on one axis and the two biodiversity goals “conservation”
and “ecological functions” on the other axis (Table 3).

Conservation Ecological functions
1 w 1] w
° =4 ° =4
£ @ = )
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ECOLOGY

Intensity of effects

Reversibility

Time Scale

Spatial scale

Economic impact

ETHICS

Benefit

Damage / Harm

Fairness

Dignity

Consumer choice

Table 3: Proposed matrix to condense the results of group work 2

With the help of the workshop participants, Kristina Sinemus subsequently aimed at filling in
the boxes for the different evaluation criteria relevant to each environmental compartment.
Shortly after having started filling in the first boxes, the plenum recognized that the goal to ob-
tain a satisfactory result of the exercise within the time remaining for the plenary session was

too ambitious. Participants realized that discussing how to fill in a specific box was not a
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straightforward process that could easily be done within a short time frame. First, it was realised
that the use of symbols (such as “+” or “-) or denotations (such as “yes” or “no”) to fill in the
matrix showed to be ambiguous since the symbols could have different meanings or be inter-
preted differently depending on the points considered. Second, it was recognized that the matrix
could only be filled in on a case-by-case basis and only if the pre-conditions to be considered
were set. The pre-condition to be considered in the present case are defined by the protection
goals set by legislation. Since legislation may differ among different European member states,
different countries could have different pre-conditions. In addition, it was noted that protection
goals are only operational if they are characterized by assessment endpoints that represent
measurable entities of a specific protection goal and if the outcomes that are not acceptable are
defined. The question then arose who in practice is defining specific assessment endpoints and
scenarios that are not acceptable (be it scientists, regulators or policy-makers?). The plenum
realised that the initial aim of the session to synthesise the results of group work 2 could not be
achieved within the time given due to the identified challenges. The plenum then decided to

abandon this task.

3.6 Plenary session 3:
Feedback, outlook, follow-up activities

At the beginning of day 3 of the Exploratory Workshop, the convenors realized that their ini-
tial aim to elaborate a consensus on a set of criteria to evaluate ecological damage by the end
of day 2 of the Exploratory Workshop could not be achieved since this process showed to be
not as straightforward as expected. The discussion among participants during the last plenary
session of day 2 led the convenors to modify the programme of day 3 of the Exploratory Work-
shop. Instead of the initially planned group work 3 aiming at identifying challenges for decision-
making on environmental damage, it was decided to involve participants in an extended feed-
back round on the aims, the organisation and the development of the Exploratory Workshop. In
the following, the feedback obtained by participants is grouped according to similar topics:

3.6.1 Aims of the Exploratory Workshop

A number of participants noted that in the course of the Exploratory Workshop, the objectives
of the workshop had become blurred. For many participants the main goals of the workshop
were unclear, in particular whether the goal was to find criteria for pre-market risk assessment
of GM crops prior to commercial approval, or for the evaluation of environmental impacts that
would be observed during post-market monitoring of GM crops. There was also confusion on
whether the goal was to find criteria for the evaluation of the impacts of GM crops on biodiver-
sity or criteria for environmental damage. Finally, there was a misunderstanding concerning the
aim of the planned guidance document - was it intended to be a tool for the present situation

based on the existing legislation or for an ideal future situation? One participant suggested that
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it could be easier to firs analyse the problems related to the current regulatory framework in-
stead of providing right away a catalogue of ideal solutions to resolve all open questions. It was
also suggested that a risk determination framework (i.e., speaking of “points to consider” instead
of “criteria”) may be more helpful than trying to define objective criteria.

3.6.2 Baseline

It was noted that there had been not been an in-depth discussion during the group works on
what constitutes an unacceptable environmental impact (or how this could be assessed). More-
over, the initially suggested approach to valuate impacts of GM cropping systems in comparison
to accepted conventional practices had not been discussed in detail. There had also not been a
discussion on the fact that environmental impacts are valued differently depending on the type
of agriculture causing them. Similarly, a discussion trying to explore why environmental impacts
caused by certain agricultural management practices are accepted and others not had not taken
place.

One participant observed that the discussions during the workshop had achieved a lot for
currently available GM crops, but there had been no discussion, and hence no bases, for risk
assessments of future products (e.g., for GM crops with drought tolerance). He further noted
that there was no consensus on what society wants to achieve with regard to agriculture. Refer-
ring to the baseline discussion, one participant then raised the question “what is the compara-
tor’? He asked the question whether there was a need to shift the baseline towards a desired
environmental condition and whether it was necessary to compare GM crops with this (obvi-
ously stricter) desired baseline instead of comparing GM crops to the baseline of currently ac-
cepted agricultural management. It was mentioned that the level of acceptance may vary from
country to country depending on the political environment and the respective agricultural and
environmental policies. Countries will have different baselines depending on their needs regard-
ing the type of agriculture wanted (e.g., food production, promotion of biodiversity), which in turn
defines the desired baseline. Another participant noted that baselines are quickly shifting over
the years and that there was literally no knowledge on what constitutes a realistic effect size
(i.e., what constitutes an ecologically relevant effect) for different groups of biodiversity. Finally,
one participant mentioned that the approach chosen by Sweden to define a baseline was to
state that the biodiversity goal consisted in having no loss of species in comparison to the status
of 1990.

3.6.3 Different needs of involved stakeholders

The regulators present in the audience emphasized that regulators have to stay within the
boundaries of the existing legal frameworks. They noted that from a regulatory point of view, a
comparative approach is not appropriate since conventional agriculture is not regulated in the

same way, and more importantly not as thoroughly, as GM crops. It was argued that the goal of
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the Exploratory Workshop should be to solve the current dilemma of broadened protection goals
for GM crops in comparison to conventional agriculture instead of trying to find an ideal solution
that is not necessarily based on current legislation. The aim of the Exploratory Workshop to pro-
vide a guidance document for regulators proposing a comparative approach was questioned
since there might be a risk that regulators could not stick to the proposal. Another participant,
however, noted that sticking to the existing EU legislation would be too limiting.

3.6.4 Evaluation criteria

One participant raised the question whether criteria for sustainable agriculture could repre-
sent applicable evaluation criteria. Sustainable agriculture covers ecological, economical and
social aspects. Apart from ecological protection goals, there should thus also be both economi-
cal and social protection goals. This would inevitably lead to a trade-off between the different

aspects and the need to find a balance between, for example, crop yield and biodiversity.

3.6.5 Uncertainty

It was noted that there are uncertainties to transfer measured impacts into damage. Regula-
tors need to make decisions in circumstances where there is considerable variation in the qual-
ity and quantity of evidence/information. The decision-making process is often complicated by
lack of information and other aspects of uncertainty. Questions arising include: what are we un-
certain on and where are the most uncertainties? There would be a need for a clear method to

show uncertainties, that is, when are we uncertain and how uncertain are we.

3.6.6 Role of ethics

An important question related to the role of ethics in the whole process, which was unclear to

some of the ethicists present in the plenum.

4 Assessment of the results

4.1 Contributions to future directions of the field

The Exploratory Workshop was a first step to address both the ecological and the ethical
guestions involved in finding an operational approach to the definition of damage to biodiversity
that could occur due to the use of GM crops. The three days of the workshop enabled an inten-
sive discussion among the involved scientists from various fields including agro-ecology, agron-
omy, regulatory authorities, and the agricultural biotechnology industry. The discussions and the
feedback from participants allowed identifying a number of important features that should be
considered for future work and especially when planning to establish a guidance document to

improve environmental decision-making.
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4.1.1 Clearly define the objectives

A clear definition of the objectives of a guidance document is crucial. This includes answer-
ing the following three questions:

e At what stage of the process are the elaborated criteria to be used (i.e., during which phase
of the life cycle of a specific GM crop can the criteria be used: pre-market risk assessment
and/or evaluation of environmental impacts during post-market monitoring)?

e What is the scope of the planned document? Is it restricted to currently available GM crops
or will it include potential future GM crops (e.g., crops with enhanced drought tolerance)?

e Will the guidance document elaborate criteria to valuate impacts (of GM crops) on biodiver-
sity or damage to biodiversity?

e Will the planned guidance document be a tool to address challenges posed by the current
EU (and Swiss) regulatory framework on GMOs, or will it more likely cover an ideal future

situation that is not necessarily bound to the existing legal framework?

4.1.2 Use aclearly defined common terminology

There is a need to agree on a common set of terms that are unambiguously defined. This
would include the following terms: baseline, benefit, biodiversity, criteria, damage, environ-
mental damage, ecological vs. environmental, protection goal, sustainable agriculture, thresh-

old, unacceptable, uncertainty, valuation vs. evaluation, worst-case.

4.1.3 Define the target audience of the guidance document

It became obvious during the Exploratory Workshop that scientists and regulators tend to
have differing opinions on the goal of a guidance document. While scientists were primarily in-
terested in finding the most optimal solution that would not necessarily be based on the current
regulatory framework, regulators were rather strict on sticking to find a solution to overcome the
challenges related to existing legislation. It has to be decided whether the initial idea to draft a
guidance document primarily for regulatory authorities does not limit the project too much and

whether the target audience should be broadened by additional stakeholders.

4.1.4 Find aconsensus on an applicable approach to be used in decision-making

There is a need to elaborate an approach that most workshop participants can agree on. The
discussion showed that not all participants entirely agreed on using a comparative approach
where the impacts of GM cropping systems are compared to conventional agricultural manage-
ment arguing that conventional agriculture is not regulated as thoroughly as the use of
GM crops. The Exploratory Workshop also showed that according to regulators the protection
goals as specified by existing legislation are the exclusive starting point for any definition of the

term damage. While there was rather consensus among ecologist to use a matrix as a first ap-
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proach for structuring these protection goals, the discussion among the involved ethicists
showed that there was little consensus regarding an ethical approach to environmental damage.
The subsequent plenary discussions and synthesis exercises, however, also showed that find-
ing an operational way of measuring and evaluating the various proposed criteria for the differ-
ent environmental compartments floral, arthropod and soil biodiversity showed to be challeng-
ing. The discussions clearly showed that the matrix approach has operational limits since it can
only be used on a case-by-case basis and only if the pre-conditions to be considered are de-
fined. Defining the pre-conditions, however, is not a straightforward process since this includes
defining the protection goals and the baseline to be considered. Both protection goals and base-
lines can considerably vary among countries, given that they are depending on the respective
agricultural and environmental policies. Such a process showed to be way beyond the possibili-
ties of an Exploratory Workshop and will need future work.

A first step in finding an operational approach that could be used best in a regulatory envi-
ronment requiring decisions within a relatively short timeframe could consist in determining ex-
isting approaches to environmental damage and then subsequently analyse the advantages
and drawbacks of the different approaches possible. A number of approaches have already
been discussed during the Exploratory Workshop including protection goal-, baseline-, thresh-
old- and matrix-based approaches. The discussion of these approaches should be elaborated

more in-depth following the workshop.

4.1.5 Find a consensus on the protection goals and on the baseline to be applied

The discussion during the group works and in the plenum showed that both protection goals
and baseline were two consistently emerging issues. Regarding protection goals it was noted
that these should be independent from the technology used and the question was asked how
they were set, by which process and by whom. Baselines were recognized to be the crucial
point of any decision-making process to determine what makes a change a damage. This
automatically led to the question what baseline should be applied, that is, what agricultural
management practice would be the most suitable benchmark when assessing potential effects
of GM crops. There was more or less consensus that sustainable agriculture could be a poten-
tially interesting baseline. Integrated Production, being an important agricultural management
practice in Europe, was proposed as a possible benchmark, although it was also discussed
whether other management practices (such as organic farming) could be more appropriate.

It was also recognized that protection goals and baselines are two interlinked issues, which
are difficult to separate since both are based on existing policies and legislation. Elaborating a
guidance document that would not necessarily be restricted to one particular country could be-
come difficult since legal frameworks and policies can considerably vary among countries.
Elaborating a guidance document that is as broadly applicable as possible should nevertheless

remain the main objective of the work following this Exploratory Workshop.
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4.2 Outcome

4.2.1 Continuation of the collaboration with the involved experts

Given that the convenors are currently working on a 2-year interdisciplinary project aiming at
defining practicable and science-based decision criteria to valuate effects of GM crops on biodi-
versity, the collaboration with the invited experts will be continued with own funds until the end
of 2009. The feedback obtained by participants will be used to address the questions raised
during the Exploratory Workshop. Participants will regularly be invited to provide feedback on
the project results and on the draft guidance document. This will help to elaborate a guidance
document, which could serve regulatory authorities as a tool for an informed decision-making
process to evaluate effects of GM crops on biodiversity. It may also serve as model for similar

scientific approaches in other fields where human activities may cause environmental impacts.

4.2.2 Publications

To make the Exploratory Workshop results available to all interested stakeholders involved in
the decision-making of GM crops, it is planned to publish the main outcomes at a later stage of
the project both in a scientific journal and as a guidance document. The final structure of the
guidance document has not been determined yet, but it was discussed whether the experts in-
volved could form smaller working groups that would provide different chapters of the planned
publications. In addition, it is planned to present the project results at scientific conferences and
to publish a number of articles in public newspapers and journals summarizing relevant results
to assist the public and political discussion among interested stakeholders. The results will also
be made available to internet sites such as www.biosicherheit.de and www.gmo-safety.eu,
which are specialised in presenting information related to environmental safety of GM crops to a

wider public.

4.2.3 Link to other research activities

Several participants emphasized that future work should consider existing knowledge and
work by other scientists on related topics such as, for example, sustainable agriculture, biodi-
versity assessment and uncertainty. One promising research network is the UK Rural Economy
and Land Use research programme and particularly the projects related to Sustainable Farming
in the New Europe (www.relu.ac.uk/research/Challenge%203.htm). Some participants promised
to provide the convenors with documents or contact details of scientists working in related fields

to allow the potential build-up of additional networks.
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6 Statistical information on participants
28 participants (including 1 ESF representative) - one of the co-convenors, Klaus Peter
Rippe, could unfortunately not participate in the workshop due to iliness.

- 21 men

- 7 women

Country Number of participants
Belgium
Croatia
Denmark
Finland
France
Germany
Greece
Hungary
Italy
Lithuania
Netherlands
Norway
Slovenia
Sweden
Switzerland
UK

Total

(including 3 convenors)
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7 Final programme

Tuesday June 3, 2008

19:00 Welcome dinner
Hotel Schweizerhof, Engelberg

Wednesday June 4, 2008

Plenary session
Introduction to the workshop
Chair: Franz Bigler, Agroscope ART, Zurich, Switzerland
08:30 — 08:45 Welcome address
Franz Bigler, Agroscope ART, Switzerland
08:45 - 09:00 Introduction by the ESF representative
Zeljko Kucan, University of Zagreb, Croatia

09:00 - 09:15 Short round of introductions of all participants

Plenary session
Introductory talks on existing conceptions of environmental damage
Chair: Jeremy Sweet, Cambridge, UK

09:15 -09:35 Environmental damage from an ecological perspective
Olivier Sanvido, Agroscope ART, Switzerland
09:35 - 09:55 Ethical conceptions of environmental damage

Klaus-Peter Rippe, ethik im diskurs, Switzerland

09:55 - 10:15 Legal approaches to environmental damage
Julian Kinderlerer, Delft University of Technology, Netherlands

10:15-10:45 Coffee break

Group work 1
Identification of existing criteria for the evaluation of environmental damage
Chair: Kristina Sinemus, Genius GmbH, Darmstadt, Germany
10:45 -11:00 “Warming up”
Grouping of participants in 3 workings groups by expertise (ethics, regulation, ecology)

11:00 - 12:30 3 working groups by expertise (ethics, regulation, ecology) to elaborate an introduction to
existing criteria for environmental damage from the perspective of their respective fields

12:30-13:45 Lunch
13:45 - 14:00 Introduction of next steps plus group selection by the moderator
14:00 - 15:00 Group work 1 (continued) Feedback circuit

Presentation of existing criteria for the evaluation of environmental damage in the respective
fields by 3 representatives to obtain feedback by other participants

15:00 - 15:30 Coffee break
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Wednesday June 4, 2008

Plenary session

Synthesis of the results of group work 1: Criteria for the evaluation of environmental damage
Chair: Kristina Sinemus, Genius GmbH, Darmstadt, Germany

15:30 - 16:00
16:00 - 16:30
16:30-17:00
17:00
17:30

Presentations by a representative of each of the three working groups (ethics, regulation,
ecology) on their results and on the obtained feedback (10 min each)

Discussion and listing of criteria
Ranking of criteria for each discipline

End of day 1

Social programme & Dinner at Café Ritz, Gerschnialp

Thursday June 5, 2008

08:30 - 08:45

Plenary session

Introduction to the day
Franz Bigler, Agroscope ART, Switzerland

Introductory talks on the impacts of agricultural management on biodiversity
Chair: Jozsef Kiss, Szent Istvan University, G6dolld, Hungary

08:45 - 09:05
09:05 - 09:25
09:25 - 09:45
09:45 - 10:15

Group work 2

Impacts of agricultural management on (in-crop) floral biodiversity
- crop rotation, new crops, tillage, fertiliser use

- herbicide management, herbicide resistance

Jeremy Sweet, Cambridge, UK

Impacts of agricultural management on arthropod biodiversity

- crop rotation, new crops

- pesticide use (direct effects)

- tillage, herbicide use (indirect effects)

Franz Bigler, Agroscope ART, Switzerland

Impacts of agricultural management on soil biodiversity
- crop rotation, crop choice, new crops

- tillage, herbicide use

Paul Henning Krogh, NERI, Denmark

Coffee break

Evaluation of pre-selected criteria for environmental damage (output of group work 1)

10:15-12:00
12:00 - 13:30
13:30 - 14:30
14:30 - 15:00

3 interdisciplinary working groups to evaluate and weigh the list of discussed criteria for envi-

ronmental damage (applicability, methodological limits, dilemmas, knowledge gaps)
Grouping by compartment: floral biodiversity, arthropod biodiversity, soil biodiversity
2 case studies: Bt-maize and herbicide-tolerant oilseed rape

Lunch

Group work 2 (continued)
Evaluation of criteria for environmental damage

Coffee break
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Thursday June 5, 2008

Plenary session

Synthesis of group work 2: Evaluation of criteria for environmental damage
Chair: Kristina Sinemus, Genius GmbH, Darmstadt, Germany

15:00 - 15:30
15:30-16:15
16:15-17:00
17:00
17:30

Presentations by a representative of each of the three working groups on the obtained re-
sults (10 min each)

Discussion and listing of criteria

Synthesis to find a consensus on a set of criteria that can be applied when evaluating envi-
ronmental damage (to all biodiversity compartments)

End of day 2

Social programme & Dinner at Restaurant Alperdsli

Friday June 6, 2008

Plenary session
Feedback round

08:30 - 08:45
08:45 - 09:30
09:30 — 10:00

Plenary session

Introduction to the day
Kristina Sinemus, Genius GmbH, Darmstadt, Germany

Feedback exercise

- Positioning of participants on a scale from 0 to 100 to indicate project status obtained
during the workshop

- Selected feedback by participants

Coffee break

Closing of the workshop
Chair: Kristina Sinemus, Genius GmbH, Darmstadt, Germany and Franz Bigler, Agroscope ART, Switzerland

10:00 - 11:45

11:45
12:15

Discussion and identification of main future challenges of the project
- Feedback obtained in the first morning session
- Outlook, follow-up activities, collaborative actions

Closing of the workshop

Lunch
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