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The debate on the possible impact of genetically modified (GM) crops on biodiversity shows that so far 

there is no consensus on generally accepted assessment criteria for environmental harm. This debate 

stems primarily not from a shortage of data, but rather from the absence of criteria for assessing the 

effects of GM plants on biodiversity. Since there are no exact assessment criteria, regulatory decision-

making processes are often not transparent and can be difficult to understand. This increases the 

danger that decisions on environmental risks from GM plants may appear arbitrary. 

The VERDI Project (Valuating environmental impacts of genetically modified crops – ecological and 

ethical criteria for regulatory decision-making) is a interdisciplinary collaboration between biosafety 

experts and risk ethicists. Its aim is to develop recommendations for decision makers and regulatory 

authorities, thus helping to improve the regulation of GM plants. The results show that both the 

unambiguous description of protection goals and the establishment of a basis of comparison are 

two essential criteria when defining harm. 

The book presents a proposal how criteria for the evaluation of GM crops could be developed. The 

book is directed to all those involved in the debate on benefits and risks of genetic engineering,  

in particular to decision-makers and regulatory authorities, but also to scientists from academia  

and the agricultural biotechnology industry.
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eXecUTIVe sUMMaRY
CHAPTER 1
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1 eXecUTIVe sUMMaRY
 

The legal framework regulating the approval and use of genetically modi-
fied (GM) plants demands that regulatory decisions determine what kind of 
environmental changes are relevant and represent environmental damage1. 
The current debate on the impacts of GM crops on biodiversity illustrates 
that consensus on criteria2 that would allow a commonly accepted evalua-
tion of environmental damage is presently lacking. Especially in Europe, GM 
crops have been a constantly debated issue, and the interpretation of scien-
tific data is controversially discussed by the different stakeholders involved. 
Considering the vast amount of scientific data available, one can argue that 
the current debate is not primarily due to a lack of scientific data, but more to 
a lack of clear criteria that allow one to put a value on the impacts of GM crops 
on biodiversity.

Ultimately, any decision by regulatory authorities on what they judge being 
unacceptable is based on the relevant legal frameworks. Usually, such decisions 
are taken in a political context that weighs scientific, ethical and economical 
criteria with cultural, religious, aesthetic and other relevant social beliefs and 
practices. Terms such as risk and safety are linked to a conception of damage. 
Damage, however, cannot be defined on a purely scientific basis. The normative 
character of the term “damage” implies that both choice and definition of what 
constitutes a risk are impossible without a value judgment. Damage has thus 
to be defined together with an ethical evaluation as ecological analyses alone 
cannot discover “correct” or “objective” criteria for damage. 

The project VERDI (Valuating environmental impacts of GM crops – ecolog-
ical and ethical criteria for regulatory decision-making) is an interdisciplinary 
collaboration between environmental biosafety and ethics that intends to offer 
European policy-makers and regulatory authorities guidance on how decision-
making related to GM crops could be improved. Concentrating on environmental 
impacts of GM crops on biodiversity, the project addresses both the ecological 
and the ethical questions involved in finding an operational approach to the 
evaluation of environmental damage. 

Two case studies with the currently most prevalent GM traits (insect-resist-
ance based on Bt and herbicide tolerance) are used to discuss the open questions 
involved. Considerable scientific data on the environmental impacts of these two 
traits have been gathered in the past 15 years, allowing one to determine how 
such an evaluation could be performed to be generically applicable to different 
types of GM crop traits, including new applications of biotechnology.

1 In the following, the two terms “damage” and “harm” are used interchangeably  
2 The term criteria is used hereafter in the sense of a standard on which a judgment  
 or decision ma e based. 
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Stakeholders from different European countries including regulatory 
authorities, agricultural biotech companies and academia were invited to two 
expert workshops. In the first workshop, current approaches and challenges 
in the regulatory decision-making process related to GM crops were analyzed. 
The second expert workshop aimed at determining what particular effects of 
GM crops on biodiversity are to be judged as unacceptable harm based on an 
ecological and an ethical valuation comparing effects of GM crops on biodi-
versity to environmental effects of current agricultural management practices. 
Results and feedback obtained during the work-shops were used to elaborate a 
synthesis of the relevant ethical and ecological aspects when evaluating impacts 
of GM crops on biodiversity.

The results obtained reveal that both protection goals and baselines are 
two consistently emerging issues when discussing a definition of damage. 
Protection goals as specified by existing legislation are the exclusive starting 
point for a definition of damage for regulatory authorities. Yet, the legislative 
terms to describe the protection goal “biodiversity” are too vague to be scien-
tifically assessed. Two matrices are proposed to address this problem. The first 
matrix introduces the Ethical Reference System (ERS), being the first step in 
a systematic process aiming at the specification and justification of plausible 
ethical criteria to evaluate the risks of GM crops on biodiversity. The second 
matrix allows for an operational definition of biodiversity by specifying the 
areas of protection as well as assessment and measurement endpoints based 
on a number of defined criteria. While the initial proposal regarding what to 
protect has to be framed by the regulatory authorities, the operational defini-
tion of protection goals should be defined in a transparent process involving a 
dialogue between all relevant stakeholders. The presented matrix can thereby 
be used as a tool to structure the dialogue, especially when defining both assess-
ment and measurement endpoints. The process could include stakeholder meet-
ings where stakeholders would compile and rank different conservation goals 
and ecosystem services.

Baselines are recognized to be the second crucial point in decision-making 
processes as they determine what makes a change to be damage. Due to their 
vague definition, the use of baselines as a decision support tool nevertheless 
remains ambiguous, necessitating a more precise characterization. Common 
to all baseline definitions is the term “comparison.” Theoretically, decisions 
are always taken relative to a comparator that determines the current practice 
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that is judged being acceptable. According to this baseline conception, the 
impact of a specific technology can only be compared if the impacts of current 
practices are known. However, as GM and non-GM-based management prac-
tices are regulated according to different regulatory frameworks in Europe, a 
direct comparison of the effects of a GM cropping system to its conventional 
non-GM counterpart is impossible under the current Swiss and EU regulatory 
frame-work. The baseline approach is thus principally not always applicable 
as, for example, the EU regulations demands that one assess potential indirect 
or cumulative long-term effects of GM crops while this is not a requirement for 
conventional pest management practices. Nevertheless, an important point to 
consider in such a comparison refers to the fact that all regulatory frameworks 
differentiate between “intended” effects of a specific management practice and 
“unintended” effects that are to be minimized. This differentiation allows for 
the outlining of a generic scheme that permits one to evaluate whether the 
effects of different agricultural management practices are to be regarded as 
intended effects (which are judged acceptable) or as unintended effects that 
could represent environmental damage. This differentiation may help to over-
come the principal difficulties of the initial baseline conception. In a first case 
study with Bt-maize, a flow chart is presented that can help risk assessors to 
differentiate the effects of various pest management practices used for Euro-
pean Corn Borer management in maize on the arthropod fauna in agricultural 
landscapes. 

In a second case study with GM herbicide-tolerant maize, criteria for regu-
latory decisions for noninsecticidal GM crops were determined. In contrast to 
Bt-maize, the assessment of the direct effects of the genetic modification is not 
the primary concern for noninsecticidal GM crops. Rather, changes in agricultural 
management may be the primary cause of possible indirect effects on farmland 
biodiversity. The evaluation of indirect impacts prior to approval of the GM crop 
is challenging. It might be difficult to perform such an evaluation within the time 
frame normally available for pre-market risk assessment as long time periods 
are usually needed for indirect environmental changes to become apparent. 
These types of effects might, moreover, only become apparent during the large 
scale cultivation of GM crop events under real agricultural management. The 
establishment of risk mitigation measures thus appears to be a valid option to 
increase the level of safety. The goal of these risk mitigation measures should be 
to avoid the risk of reduced crop yields and the long-term build-up of problematic 
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weed communities while supporting a sustainable degree of farmland biodi-
versity. Four risk management options are proposed that can help to achieve 
a balance between agricultural production and the support of desired noncrop 
plants in arable fields.

All technologies that could potentially harm the environment should be 
evaluated according to the same legal criteria, for example, according to their 
novelty and not to the process of their development. Hence, what constitutes 
environmental damage should not be defined by the technology causing it, 
but by the type of damage that should to be avoided. The elaborated ethical 
and ecological criteria herein may allow a generally acceptable evaluation of 
damage that can be applied to a wide range of different GM crops. The criteria 
could help regulatory authorities to improve decision-making and to take 
more accurate and coherent decisions. This may ultimately avoid decisions 
on environmental risks of GM crops being arbitrary in comparison to other 
technologies.

EXECUTIVE SUMMARY 13
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2 INTRoDUcTIoN

2.1 existing definitions of environmental damage

The legal frameworks regulating the approval and use of GM crops require regu-
latory authorities to decide what kind of environmental changes are relevant 
and represent environmental damage.3 The current debate on the impacts of 
GM crops on biodiversity illustrates that consensus on criteria that would allow 
a commonly accepted evaluation of environmental damage is presently lacking. 
Especially in Europe, GM crops have been a constantly debated issue and the 
interpretation of scientific data is debated controversially by the different stake-
holders involved. Considering the vast amount of scientific data available, one 
can argue that the current debate is not primarily due to a lack of scientific data, 
but more due to a lack of clear definitions regarding how to put a value on the 
impacts of GM crops on biodiversity.

Given the complexity of the questions involved, a concise and commonly 
accepted definition of “environmental damage” is currently missing. A number of 
definitions have been proposed (Box 1) that all entail some challenges regarding 
their practical application (see section 2.2). 

Common to all proposed definitions are the following three features:
  • Damage is occurring to a natural resource or resource service such as the 

conservation and sustainable use of biodiversity,
  • Damage is measurable by some means,
  • Damage is characterized by an adverse change that is either significant, 

severe or exceeding the natural range of variability 

The common features lead to three main questions that need to be 
answered when approaching a definition of environmental damage. These 
questions are not addressed in sufficient detail in the existing definitions 
mentioned above:
  • What needs to be protected?
  • What is to be measured?
  • What is adverse?

To answer the first question, one needs to define the protection goals that 
should not be harmed and more particularly one must to find an applicable defi-
nition of the concept of biodiversity. It can be noted that the concept of biodi-
versity is well defined in theory, though there are a number of difficulties that 

3 In the following, the two terms “damage” and “harm” are used interchangeably.
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might hinder decision-making in practice (see section 4). How can scientists and 
policy-makers determine what requires protection? To answer the second ques-
tion (What is to be measured?), one can remark that we generally focus on those 
biological entities that are regarded worth of being evaluated. The question thus 
remains as to how to decide which biological entities are to be selected for this 
evaluation and how measurable entities can be defined that can be used in regu-
latory decision-making (see section 5). Finally, to answer the third question (What 
is adverse?), one has to recognize 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 question 
then arises regarding how strong the different fields are weighed (see section 9).

Pertinent to the last two questions is the question “How to value?” This is 
key when discussing definitions of environmental damage. The difficulty linked 
to the question as to how to perform a value judgment lies in the inherent 
complexity of combining the subjectivity of the matter, which is due to different 
viewpoints and situations, with the apparent need for objectivity when it comes 
to regulatory decision-making. Criteria that would allow a generally acceptable 
evaluation of damage and which are applicable in practice could help regula-
tory authorities to improve decision-making and thus avoid decisions on envi-
ronmental risks of GM crops being arbitrary.

INTRODUCTION 17

 Box 1: Proposed definitions of environmental damage

  • European Directive 2004/35/EC on Environmental Liability (European Commission, 2004) 

 “Any damage representing a measurable adverse change in a natural  

 resource / resource service”

  • German Advisory Council on the Environment (SRU, 2004)    

 “Changes that go beyond natural range of variability for a particular asset of value” 

  • Cartagena Protocol on Biosafety (CBD, 2009)

 “Measurable (or otherwise observable) loss or damage (…) that has adverse  

 (and significant) impact upon conservation and sustainable use of biodiversity”

  • “A significant adverse effect on a biotic conservation resource (animal, plant, fungi,  

 microorganism) or an abiotic conservation resource (soil, water, climate) that has  

 an impact on (1) the value of the conservation resource in whole or part, (2) on the  

 conservation resource as an ecosystem component, or (3) on the sustainable use  

 of the conservation resource or the ecosystem with which the conservation resource  

 is associated.” (Bartz et al., 2010)
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2.2 Difficulties to apply existing criteria for environmental damage

The difficulty to find an unambiguous definition of environmental damage is 
primarily due to the challenge of applying the criteria that have thus far been 
proposed to assist regulatory authorities when evaluating environmental damage 
in actual situations of decision-making. A number of authors have proposed 
to evaluate damage according to criteria such as “spatial and temporal extent,” 
“severity” and “reversibility” of effects (Ammann et al., 2000; ACRE, 2002; Nöh, 2002) 
Decisions determining whether observed effects fulfill the proposed criteria 
for environmental damage are difficult to take due to methodological limits in 
data collection and analysis. Scientific methods are only partially capable of 
adequately evaluating the magnitude of change of a particular environmental 
resource. Environmental sciences can help to assess the abundance of a partic-
ular species group, but it is usually difficult to determine whether an observed 
change in a species group is exceeding the natural variation of the species group. 
This is because appropriate baseline data is often lacking and because agro-
ecosystems are dynamic and subject to constant change. Long time periods are 
usually needed for environmental changes to become apparent and it may be 
impossible to determine whether observed changes will be reversible at some 
later point in the future.

A practicable definition of environmental damage necessitates criteria that are 
less prone to the methodological challenges posed by scientific methods. Decision 
criteria to evaluate effects of GM crops on biodiversity could be defined using an 
approach where GM crop effects are compared to known effects of current agri-
cultural management practices. By putting a relative value on the effects of GM 
crops in comparison to known environmental effects of current crop manage-
ment practices, decision criteria would be placed in a context where practical 
experiences exist. Provided that this approach is scientifically valid and ethically 
justifiable, the approach would allow one to decide whether experienced GM crop 
effects are ecologically significant and why they are judged to be unacceptable. 

2.3 Research questions and goals of the project

Ultimately, any decision by regulators on what they judge being unacceptable 
is based on the existing legal frameworks. In addition to considering the actual 
legal basis, such decisions are usually taken in a political context that weighs 
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scientific, ethical and economical criteria with cultural, religious, aesthetic and 
other relevant social beliefs and values. Concentrating on environmental impacts 
of GM crops on biodiversity, the project addresses both the ecological and the 
ethical questions involved in finding an operational approach for the evalua-
tion of environmental damage. The project aims at offering guidance about how 
decision-making related to GM crops could be improved to all stakeholders 
involved in the process of risk assessment of GM crops (policy-makers, regula-
tory authorities, agricultural biotech companies and scientific expert panels). 
The main goals of the project are:
  • To identify the main challenges for regulators when assessing and judging 

environmental impacts of GM crops including the most important ethical 
and ecological knowledge gaps for the interpretation of scientific data 

  • To analyze types and magnitudes of biodiversity impacts of current crop 
management practices and (known) impacts of GM crops on biodiversity

  • To perform a comparative ethical and ecological valuation of impacts 
of current crop management practices and impacts of GM crops on 
biodiversity

  • To develop decision-criteria and guidance for an ethical and ecological 
evaluation of impacts of GM crops on biodiversity considering the experi-
enced impacts of current crop management practices

2.4 Relation between ethics and ecology in the context of the given research question

Terms such as risk and safety are linked to a conception of damage. The notion 
of damage or benefit depends on our negative or positive valuation of impacts. 
The normative character of the term “damage” implies that both choice and defi-
nition of what constitutes a risk are impossible without a value judgment. What 
we choose and define to be a risk is based on a certain normative background. 
Damage must therefore be defined together with an ethical evaluation as ecolog-
ical analyses alone cannot discover “correct” or “objective” criteria for damage. 
Natural sciences can thereby only determine the probability that a certain 
impact will occur or the likely consequence if a certain impact has occurred. 
Ethics is necessary to clarify the concept of damage in general and the concept 
of environmental damage in particular. Both are evaluative concepts referring to 
changes or states of affairs that must be assessed negatively. On the basis of this 
conceptual analysis, it becomes possible:

INTRODUCTION 19
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  • to critically analyze the appropriateness of legal risk concepts (given that a 
risk is a function of probability and extent of damage); and

  • to develop scientifically sound and intersubjectively acceptable criteria4 for 
the valuation of environmental damage that can be shared and accurately 
communicated between different individuals. 

Ecology as a science needs to rely on ethics if it strives to evaluate possible 
and real impacts of GM crops on biodiversity because concepts such as damage 
or risk, which play a pivotal role in this evaluation, are inherently value-
laden. The evaluation of impacts of GM crops on biodiversity in the context 
of current agricultural systems includes both ethical and ecological questions 
that need to be clarified. From an ecological perspective, for example, not 
every environmental impact is of ecological significance and leading to rele-
vant impacts on biodiversity. From an ethical point of view, not every ecologi-
cally relevant impact on biodiversity is necessarily considered to be morally 
wrong. Whether it is wrong or not primarily depends on the importance that 
one ascribes to biodiversity. While there is agreement among ethicists that 
biodiversity is valuable, there is no agreement on the importance of this value 
(compared to other relevant values) and whether it is an inherent or just an 
instrumental value. 

The outlined research questions necessitate a true interdisciplinary 
approach, which, however, includes some challenges. One difficulty is that 
ecology and ethics use different approaches. A challenge in finding an 
adequate approach to environmental damage lies in the inherent difficulty 
to combine the descriptive scientific approach with the normative approach 
used in ethics. Natural sciences try to establish the empirical facts of a matter 
(what is the case), whereas ethics determine what ought to be the case. Prob-
ably even more challenging is the fact that central concepts such as damage 
or risk are understood in different ways by ethicists and ecologists. In the 
present project, it took a considerable amount of time to realize that there are 
diverging interpretations of these concepts and to agree on common defini-
tions of these concepts. The common understanding now makes it possible 
to proceed to the final phase of this project, concretizing the ethical and 
ecological criteria for the evaluation of impacts of GM crops on biodiversity 
in a way that will make them applicable for regulators in actual situations of 
decision-making. 

20

4 Intersubjectively acceptable criteria are normative criteria that a rational person, 
that is, a well-informed person being committed to the best rationale available, would 
accept after a critical assessment. Such criteria are thus inherently universal and  
independent from a particular, subjective context.
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2.5 Methods and approaches of the project

A particular strength of the project was its focus on two expert workshops 
inviting regulators, members of biosafety committees and scientists with a 
background in ethics, ecology and agriculture from different European coun-
tries to combine their efforts in order to create an elaboration of solutions 
to the open questions addressed. The project followed a stepwise approach 
consisting of five project phases that were centered on the two expert 
workshops:

Phase 1: Review and analysis of current knowledge

The first project phase consisted of an analysis of the relevant scientific litera-
ture to prepare the first expert workshop that took place in phase 2 of the 
project and to select an appropriate method to be used for the group discus-
sions during the workshop. In order to benefit the most from the discus-
sions planned for the first workshop, the project team decided to make use of 
professional workshop moderation. The moderator team from Genius GmbH 
(Darmstadt, Germany) recommended the use of the Crea-Space method for 
the workshop, a method supporting the development of creative potentials in 
teams and larger groups (El Hachimi and von Schlippe, 2003). The tool is meth-
odologically derived from Organizational Development and serves to provide a 
framework for the achievement of self-organization processes. In the context 
of the present project, it was deemed to be the ideal tool to effectively introduce 
issues derived from first results to a constructive discussion level. In order to 
avoid a bias towards a predetermined position supported by the project team 
workshop, participants were thus not provided with any background documen-
tation prior to the workshop. 

Phase 2: First expert workshop: problem identification for decision-making

In order to analyze current regulatory decision-making processes, regula-
tors, members of biosafety committees and representatives of the agricultural 
biotechnology industry from different European countries were invited to a 
first expert workshop in June 2008. Workshop participants were supplemented 
by scientists with a background in ethics, ecology and agronomy (see Annex 1: 
List of workshop participants). The aim of the first workshop was to determine 
current approaches and challenges when evaluating scientific data on impacts 
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of GM crops on biodiversity. The discussion during the group works and in the 
plenum illustrated that both protection goals and baselines were two consist-
ently emerging issues. Protection goals as specified by existing legislation were 
regarded as the exclusive starting point for regulatory authorities for a defini-
tion of damage. Any negative impact on these protection goals would conse-
quently constitute damage. Baselines were recognized as being the crucial 
point of any decision-making process of determining what makes a change to 
be judged as damage. 

Phase 3: Comparative ethical and ecological evaluation

Phase 3 aimed at developing solutions for the challenges that had been identi-
fied by invited experts during the first expert workshop when evaluating impacts 
of GM crops on biodiversity. Four approaches were developed to help regulatory 
authorities addressing the challenges of vague definitions for both protection 
goals and baselines. Prior to the second expert workshop, experts were provided 
with four background documents proposing solutions as to how the question of 
unclear definitions of both protection goals and baselines could be addressed. 
The first two approaches aimed at enabling a more generic definition of protec-
tion goals in the context of agricultural management. The two latter approaches 
proposed a methodology for a comparative environmental risk assessment that 
can be used to approach the question of an appropriate baseline. For the compar-
ative risk assessment, two currently commercialized GM crops (Bt-maize and 
GM herbicide tolerant maize) were used as case studies to specifically discuss 
the environmental impacts of these GM crops in comparison to current pest and 
weed management practices.

Phase 4: Second expert workshop: criteria for evaluation of impacts 

of GM crops on biodiversity 

The proposed approaches of both the environmental biosafety and the ethics 
project parts were presented and discussed during the second expert work-
shop taking place in June 2009 in Engelberg, Switzerland, involving many of the 
experts that had attended the first expert workshop (see Annex 1: List of work-
shop participants). The background documents elaborated during phase 3 of 
the project were critically discussed with all participating experts during 
the group works taking place in the second workshop. All documents were 
not meant to be conclusive as experts were invited to provide feedback and  
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criticism to the approaches proposed. The background documents were 
discussed in four group works to determine both strengths and weaknesses of 
the four proposed approaches:
  • Group work 1: Ethical reference system to assess biodiversity
  • Group work 2: Operational definition of protection goals
  • Group work 3: Comparative environmental risk assessment Bt-maize
  • Group work 4: Comparative environmental risk assessment GMHT maize

For each group work, participants were randomly grouped into three 
working groups. In each group, a rapporteur took notes on the main results of 
the discussion and presented the results in a short presentation to the plenum 
in a plenary session following the group work.

Phase 5: Synthesis of workshop results – preparation of guidance document

During the last step of the project, results and feedback obtained during the 
second workshop were used to elaborate a synthesis of the relevant ethical 
and ecological aspects when evaluating impacts of GM crops on biodiversity. 
The results of the four group works and the feedback collected by experts were 
used to improve the approaches proposed (see sections 8 – 9). The project results 
were revised and compiled into a guidance document that can be used for an 
informed decision-making process for the evaluation of impacts of GM crops 
on biodiversity. The guidance document summarizes criteria to assist decision-
making on the relevance of impacts of GM crops on biodiversity.

2.6 outline of the report

The first part of the report contains an executive summary (chapter 1), a general 
introduction (chapter 2) and a general definition of the term damage (chapter 3) 
that is mainly influenced by ethical considerations. 

The second part of the report (chapters 4 – 8), which was written by Agro-
scope ART, is primarily dealing with the ecological conception of environ-
mental damage:

Chapter 4 presents the general definition of the term “biodiversity,” intro-
duces the different components of biodiversity and discusses the diverse moti-
vations to preserve biodiversity. Moreover, environmental protection goals 
as specified by Swiss legislation are described with regard to agriculture in 
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general and more specifically in view of the use of genetic engineering. Finally, 
the ecological relevance of biodiversity is discussed for species and habitat 
diversity and for ecosystem functions. 

Chapter 5 presents an approach as to how operational protection goals for the 
evaluation of impacts of GM crops on biodiversity could be defined. A matrix is 
introduced that lists all entities of biodiversity that require protection. The matrix 
lists factors that need to be considered when defining corresponding assessment 
and measurement endpoints. It is stressed that clearly defined endpoints are 
necessary for regulatory decision-making as they specify what deserves protec-
tion. It is recommended that one define indicators and parameters that can be 
measured to determine whether harm to the protection goals specified occurred. 

Chapter 6 discusses the issue of using thresholds in environmental deci-
sion-making. It is recognized that the legal frameworks regulating the use of 
GMOs operate according to the thresholds-concept (i.e., risks are acceptable as 
long as they do not exceed a certain specified threshold). It is nevertheless also 
emphasized that regulatory authorities do not provide clear threshold values, 
which challenges decision-making processes.

Chapter 7 discusses how a baseline for the comparison of different agri-
cultural management practices could be defined to determine whether the 
cultivation of GM crops is better, equal or worse than current practices. Pest 
management in maize is used as a case study to compare different GM and 
non-GM based cropping systems. It is concluded that it is impossible to per-
form a generic comparison of different pest management practices, mainly 
because these are regulated based on different legal frameworks. Instead, an 
approach is proposed that allows differentiating between intended and unin-
tended effects of the pest management practice applied. The proposed flow 
chart can further be used to determine which type of unintended effects may 
represent environmental damage.

Chapter 8 uses the effects of different weed management practices in maize 
to discuss how one can cope with rather vaguely definable damages on farm-
land biodiversity that might occur from changes in agricultural management 
practices. Since long time periods may elapse before these damages become 
apparent, appropriate risk management options might be a valuable option to 
Reduce the risks of these damages occurring.

The third part of the report (chapter 9), which was presented by Ethik im 
Diskurs, discusses the topic from the ethical point of view.
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Chapter 9 introduces the ethical reference system (ERS) as a useful tool 
for regulatory decision-making that allows specifying and justifying plausible 
ethical criteria for the evaluation of environmental impacts of GM crops on 
biodiversity. It is emphasized that the ERS provides regulators with a general 
orientation grid by describing the different ethical theories that may underlie 
the protection of biodiversity. The ERS helps to determine which ethical  
position one intuitively favors and facilitates a more reflected understanding of 
the ethical views enshrined in the law.

The report ends with a chapter summarizing general recommendations to 
decision-makers (chapter 10)

Finally, Annex 2, which was presented by Ethik im Diskurs, character-
izes the term “risk” and discusses it from a general point of view, and more 
specifically in the context of the given research questions. Although the report 
mainly focuses on the question as to how one can find criteria to determine 
what constitutes environmental damage, the term “risk” is a recurring topic 
when discussing definitions of damage. Under certain circumstances (e.g., if  
it is difficult to clearly characterize which impacts constitutes damage), 
relying on risk mitigation measures may be an adequate measure to approach  
this question.
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3 a GeNeRal DefINITIoN of DaMaGe

In everyday language, something is called damage or harm if state S2 repre-
sents a change that is valued negatively compared to an initial state S1. If, for 
instance, a house burns to the ground and its inhabitants lose their belongings, 
or if a healthy person falls ill and suffers from the illness, this is called damage 
or harm. It is important to realize that damage is an evaluative notion, even 
though the evaluation is based on the establishment of facts. For this reason, 
there can be no value-free scientific risk assessment. Science can ascertain 
the actual state of something and it can describe and explain changes and its 
related ecological implications. However, science can only answer the ques-
tion from a scientific perspective as to how this state or these changes should 
be evaluated. 

To be more exact, damage as an evaluative notion does not denote a 
change that is evaluated negatively, but a change that ought to be evaluated 
negatively. In order to determine whether a state or an event is damage, we 
need a reference system. The purpose of this system is to name the values 
or goods that allow justified negative evaluations of changes. These may be  
“zero values” such as freedom from pain and suffering (whereby the negative 
change essential for damage would be the occurrence of pain and suffering) 
or positive values such as pleasure, beauty, bodily integrity or life (in the sense 
of being alive). 

The evaluative dimension of the notion of damage consists of two aspects. 
On the one hand, suffering damage is always bad for the individuals (entities) 
affected. That is the prudential dimension which refers to what is good or bad 
for an individual living organism. On the other hand, damage is usually some-
thing that should not to be inflicted on others or something the others should 
be protected from. This is the ethical dimension. It is also the normative basis of 
the legal understanding of damage.

From an ethical point of view, damage is not necessarily bad or repre-
hensible. Rather, damage is either neutral or relevant. “Neutral” means that 
nobody can be held responsible for it. A congenital disease, for instance, 
may damage the affected child, even though it is the unpredictable result of 
a natural genetic process. “Relevant” means that the damage is to be evalu-
ated negatively or positively in a moral sense. If the evaluation is negative, the 
infliction of damage is morally inadmissible; if it is positive, the infliction is 
morally admissible or even required. The latter is the case, for example, when 
a teacher gives a student a bad grade. This may damage the student: she may 
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feel bad or have to repeat a course. However, if the grade is adequate to her 
performance, the infliction of damage is morally justified. On the other hand, 
torturing someone just for the fun of it implies inflicting a kind of damage that 
is morally prohibited. 

What kind of entities can be damaged? In everyday language, there are 
different kinds of damage: economic damage, political damage, environmental 
damage, damage to persons, animals, plants or engines, construction damage, 
fire damage – to name just a few. These damages can be roughly classified into 
three main groups: systemic damage, functional damage and damage of indi-
vidual beings. Environmental damages, for instance, are systemic damages, 
engine damage is a functional damage and damage to persons is a damage of an 
individual being (a person). 

If we were to undertake a thorough and comprehensive conceptual analysis 
of the notion of damage, the following questions would have to be answered: 
  • Can there be systemic damages? Is it plausible to assume, for instance, that an 

ecosystem as such is damaged if its homeostatic equilibrium is disrupted?
  • Can a loss of biodiversity as such be damage?
  • Can plants or any other nonsentient living beings be damaged as such?
  • Can nonliving entities (a car) or parts thereof (a car engine) be damaged 

as such?

In order to answer these questions, one would have to clarify what condi-
tions must be met for the correct application of the notion of damage. This 
would be tantamount to an ontological analysis of the conditions of damage. 
The main questions to be tackled would be:
  • Can nonexisting entities (for instance, dead persons) be damaged as such?
  • If only existing entities can be damaged as such, what is an existing entity?
  • If something exists only nominally, that is, as an abstract entity (such as, for 

example, an ecosystem), can it be damaged as such?
  • Does damage presuppose the ability of experiencing it?

This analysis of the general notion of damage would be necessary before 
proceeding to the analysis of the specific notion of environmental damage. 
Unfortunately, most analyses performed by ecologists and ethicists do not 
follow this two step procedure. This is why their discussion of this topic is 
rather unsatisfactory.5 

5 One would be able to show that none of the conceptions or criteria of ecological 
damage that play a role in this discussion, especially with regard to GMOs – such as, 
evolutionary integrity, selective advantage, natural variation, similarity, impairment  
of biodiversity – are convincing. 
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However, for the purposes of this project, an indepth ethical analysis of the 
concept of harm in general and environmental harm in particular is not neces-
sary. The main reason is that we will take as our main point of reference not an 
ethical, but rather a legal understanding of these concepts since we are mainly 
interested in helping regulators to decide whether environmental changes, 
especially changes in biodiversity associated with the use of GM crops, repre-
sent environmental damage; and if so, how severe the damage is. 

As pointed out before with regard to the general definition of damage, 
there is no difference between ethics and the law. Both agree that the concep-
tion of damage refers to goods and values that deserve protection. Addition-
ally, both agree that it is the aim of the respective ethical or legal norms to 
prevent damage from occurring. The difference is that legal regulations 
have a different perspective – they primarily aim at legal certainty – and are 
often the result of political or social compromises. This is why these regu-
lations frequently reflect conflicting or incompatible evaluative beliefs that 
are based on incompatible value theories. Furthermore, the status of ethical 
values that are reformulated in legal terms often remains vague. With regard 
to environmental protection and the regulation of GM crops, however, this is 
no problem as long as there is a list of (more or less) well-defined protection 
goals which can serve as references for the determination of what has to be 
considered when evaluating damage. To give an example: whether biodiversity 
is intrinsically or only instrumentally valuable is ethically very important, but 
legally irrelevant. What matters legally is only whether it is a protection goal 
or not. If it is a protection goal, the question to be answered is how one can 
ascertain in specific cases whether the legal norms referring to this goal have 
been violated, for instance, by a reduction in biodiversity, and if so, how the 
damage is to be valuated. This problem of finding an operational definition of 
the protection goal biodiversity with regard to the possible effects of GM crops 
will be dealt with in section 5.

It is important to bear in mind that regulators have to take ex ante deci-
sions. They have to decide, for example, whether a certain GM crop may be 
approved for commercial use. This decision should be based, among other 
things, on a risk assessment in which the potential ecological damage on 
valued species or on ecosystem service is linked to the probability of this 
damage occurring. This assessment is legally (and ethically) required as 
long as there is no certain causal knowledge concerning the real effects of 
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the GM crop in question on biodiversity. In chapter 7 and 8, we will mainly 
concentrate on effects and the damage associated with it. This will allow, for 
instance, for identifying potential ecological damage of different pest and weed  
management practices on biodiversity. The question remains, however, how 
far it is possible on the basis of our current knowledge to determine the prob-
ability of this damage occurring (see Annex 2: What is risk?). 
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4 cHaRacTeRIZING THe PRoTecTIoN Goal “BIoDIVeRsITY”

4.1 Background

Protection goals as specified by existing legislation are the exclusive starting point 
for regulators for a definition of damage related to the evaluation of GM crops. 
Typically, legal frameworks make relatively vague specifications on the question 
regarding what it is to be protected from harm resulting from human activities. Both 
from an ethical and ecological point of view, the legislative terms used to describe 
the protection goals “environment” and “biodiversity” are however too vague to be 
scientifically assessed. The use of criteria to evaluate damage necessitates finding 
an operational way of how to characterize the protection goal “biodiversity.” In 
a first step, the term “biodiversity” is thus examined more closely, followed by a 
discussion of the environmental protection goals as specified by Swiss legisla-
tion both from a general point of view and more specifically in relation to the use 
of genetic engineering. Finally, a proposal is made as to how the protection goal 
“biodiversity” in agricultural landscapes could be operationally defined.

4.2 What is biodiversity?

4.2.1 General definition

Although the term biological diversity – or biodiversity – has been extensively 
used in the past decades, the underlying concepts and definitions are anything but 
uniform. Probably one of the most prevalent definitions is given by the Conven-
tion on Biological Diversity (CBD) stating “Biological diversity means the vari-
ability among living organisms from all sources including (…) terrestrial, marine 
and other aquatic ecosystems and the ecological complexes of which they are part; 
this includes diversity within species, between species and of ecosystems” (CBD, 
1992). As such, biodiversity is essentially an abstract concept, albeit one of which 
most would say that they have some intuitive understanding. Biodiversity is often 
termed as the variety of life on earth and the natural pattern it forms (CBD, 2000). 
The range of possible interpretations of such a conception of biodiversity is not 
simply wide, but it is so wide that it becomes exceedingly difficult to comprehend 
(Gaston, 1996). As a consequence, the concept of biodiversity is imprecise and it 
risks being defined so broadly that it equates to the whole of biology. Unfortu-
nately, a definition treating biodiversity as more or less all living things on earth 
is of little use to policy-making where alternatives have to be selected in light of 
given conditions to guide and determine present and future decisions.
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4.2.2 Distinguishing between different components of biodiversity

A number of schemes have been proposed to distinguish the major features of 
biodiversity and to better characterize what constitutes the “variety of life.” A more 
specific definition is given by Redford and Richter (Redford and Richter, 1999), 
defining biodiversity as “the variety of living organisms, the ecological complexes in 
which they occur, and the ways in which they interact with each other and the phys-
ical environment.” The authors propose to define biodiversity in terms of different 
components – genetic, population / species and ecosystems – each of which has 
compositional (the identity and variety of elements), structural (the physical 
organization or pattern of elements) and functional attributes (ecological and 
evolutionary processes). The three latter attributes refer to an approach initially 
suggested by Noss (Noss, 1990) to characterize biodiversity in terms of ecological 
processes recognizing that biodiversity is not simply the number of genes, species, 
ecosystems or any other groups of things in a defined area (as defined by the (CBD, 
1992). Although such a scheme may be helpful in facilitating a practicable approach 
to refining the concept of biodiversity, one has to recognize that even the refined 
concept (Table 1) has its operational limits. Many of the terms used to describe 
the different attributes of biodiversity are still too broad to be effectively used in a 
decision-making process that aims at quantifying biodiversity changes.

4.2.3 Motivations to preserve biodiversity 

The primary motivation to preserve biodiversity is often purely in the self-interest 
of mankind (CBD, 2000). The global loss of biodiversity is said to threaten food 
supply, the source of wood, medicine, energy and essential ecological functions 
as well as opportunities for recreation and tourism.

The Secretariat of the CBD lists a vast number of “goods and services” 
provided by ecosystems:
  • Provision of food, fuel and fiber
  • Providing of shelter and building material
  • Purification of air and water
  • Detoxification and decomposition of wastes
  • Stabilization and moderation of Earth’s climate
  • Moderation of floods, droughts, temperature extremes and the forces of wind
  • Generation and renewal of soil fertility including nutrient cycling
  • Pollination of plants including many crops
  • Control of pests and diseases

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



  

  

36

  • Maintenance of genetic resources as key inputs to crop varieties and live-
stock breeds, medicines and other products

  • Cultural and aesthetic benefits
  • Ability to adapt to change

Today, ecosystem services are usually described according to the defini-
tion given by the Millennium Ecosystem Assessment (Millennium Ecosystem 
Assessment, 2005; EASAC, 2009). Ecosystem services are thereby defined as 
the benefits people obtain from ecosystems and they are categorized into four 
broad categories:

Table 1: Concept of the term “biodiversity” according to its three main components and the  
corresponding attributes (based on Noss, 1990; Kaennel, 1998; Redford and Richter, 1999).

Genetic diversity

Phenotypic diversity 

Variety, cultivar

Subspecies

Genetic structure

Gene flow

Genetic processes

species diversity

Species richness

Species abundance

Species evenness

Species density

Endangered species

Threatened species

Population structure

Surrogate species

Indicator species

Keystone species

Flagship species

Umbrella species

ecosystems diversity

α, β, γ-diversity

Landscape types

Communities

Ecosystems

Landscape patterns

Habitat structure

Landscape processes

Land-use trends

Ecosystem processes / 

services

Parasitism, predation

Pollination

Soil processes

Nutrient cycles (C, N, P, S)

Biomass production

composition

(Identity and variety  

of elements)

structure

(Physical organization, 

pattern of elements)

function

(Ecological and  

evolutionary processes)
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  • Supporting services, which provide the basic infrastructure of life, including 
the capture of energy from the sun, the formation and maintenance of soils 
for plant growth and the cycling of water and nutrients (these services 
underlie all other categories).

  • Regulating services, which maintain an environment assisting human 
society, managing the climate, pollution and natural hazards such as disease, 
flood and fire.

  • Provisioning services providing the products on which life depends (food, 
water, energy) and the materials that human society uses for fashioning its 
own products.

  • Cultural services providing landscapes and organisms that have significance 
for humankind because of religious or spiritual meanings they contain or 
simply because people find them attractive.

The need to preserve biodiversity is moreover often linked to different 
obligations (Kunin and Lawton, 1996; SCNAT, 2006):
  • Moral and ethical obligations: biodiversity represents a heritage that has to 

be preserved for future generations.
  • Human well-being: many organisms (flowers, birds, butterflies) bring 

pleasure to many people and enrich their lives. Biodiversity is furthermore 
important for personal recreation and regeneration as people enjoy and 
relax in a natural, diverse environment.

  • Insurance: biodiversity can be useful as a potential resource for survival 
in a changing environment by providing new drugs, food stuffs or genetic 
resources for crops and farm animals.

  • Ecosystem services: organisms provide essential services maintaining  the 
life-support systems of the planet (see above).

  • Economy: biological resources are the pillars upon which human civiliza-
tions are built as they support such diverse industrial sectors as agriculture, 
pharmaceuticals, construction, waste treatment and tourism. 

  • Preservation of the homeland (“Heimat”): Species and habitats in a particular 
country constitute an important part of the homeland and create identity.

Most people would certainly agree that a number of the mentioned obli-
gations are justified, but there are inevitably also debates on the question 
whether all of these obligations are valid and which are to be preferred over 
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others. However, such a discussion opens up a vast number of topics that are 
not relevant for the ultimate purpose of the present report. Discussing the 
different value positions relevant to the different motivations and determining 
which are ethically relevant and defendable is therefore beyond the scope of 
this report. The presented Lists are therefore to be seen as an unranked list 
of values that shape the discourse about policy goals when trying to find an 
operational definition of biodiversity (see section 5).

4.3 environmental protection goals as specified by swiss legislation

4.3.1 General environmental protection goals related to biodiversity

In Switzerland, the protection of biodiversity is laid down in a number of 
national legislations based on international environmental treaties6  and on the 
Swiss Federal Constitution. The overall environmental policy goal is thereby 
to preserve and to promote native species and their habitats. The legislation is 
complemented by a number of enactments of the Swiss Federal Council that 
have a binding status for the federal authorities such as the “Landschaftskonzept 
Schweiz” (landscape concept Switzerland) (Buwal, 1999). Therein, a number of 
more detailed environmental policy goals are specified. In general, anthropogenic 
influences on the environment should not lead to additional Red List species and 
to a reduction of widespread species. Moreover, threatened species and their 
habitats should be preserved, their conservation status should not decrease and 
the number of Red List species should diminish yearly by 1%. Detailed lists of 
protected species and habitats are listed in respective legal texts (NHG, SR 451; 
NHV, SR 451.1).7 

4.3.2 environmental protection goals related to agriculture

According to the Swiss Federal Constitution, agriculture has four main goals: (1) 
to assure the provisioning of the population, (2) to preserve the natural resources 
on which life depends, (3) to maintain cultural landscapes and (4) to support a 
decentralized settlement of the country. In order to achieve these policy goals, 
the Federal Office for the Environment (FOEN) and the Federal Office for Agri-
culture (FOAG) specified a number of environmental policy goals for the agricul-
tural sector. The policy goals are defined based on current legal requirements as 

6 Such as the Convention on Biological Diversity, the Convention on the Conservation  
 of European Wildlife and Natural Habitats and the International Treaty on Plant   
 Genetic Resources for Food and Agriculture  
7 Similar legal texts exist in the European Union, e.g., the Council Directive 92/42/EEC  
 of 21May 1992 on the conservation of natural habitats and of wild fauna and flora  
 (European Commission 1992)
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laid down in various acts, ordinances, international treaties and decisions of the 
Swiss Federal Council (Bafu/BLW, 2008). Based on these premises, agriculture 
has to contribute substantially to the conservation and promotion of biodiversity. 
Biodiversity is thereby classified into three main aspects: (1) species and habitat 
diversity, (2) genetic diversity within species and (3) functional biodiversity. 

4.3.2.1 Species and habitat diversity

An important policy goal of Swiss agriculture is to preserve and promote native 
species that are typical for agricultural landscapes (i.e., species that mainly 
occur on agricultural land or depend on agricultural use). The environmental 
policy goals for agriculture give very precise indications on which species 
and habitat deserve protection within agricultural landscapes as two types 
of species groups are specified deserving special considerations: (1) target 
species are locally or regionally occurring species that should be preserved 
and promoted as they are threatened on a national level. In addition, Swit-
zerland carries particular responsibility within Europe for the conservation 
of these species, while (2) character species are characteristic for a particular 
region and they are representative for a specific habitat (i.e., they serve as an 
indicator for quality of the habitat they occur in). The environmental policy 
goals for agriculture moreover provide detailed species lists for both target and 
character species that were elaborated by a working group involving multiple 
stakeholders from agriculture and nature conservation (Bafu/BLW, 2008). The 
lists cover a large number of taxa that deserve special consideration. The faunal 
taxa include mammals, birds, reptiles, amphibian, beetles, bees, butterflies, lace-
wings, dragonflies, grasshoppers and mollusca, while the floral taxa consist of 
flowering plants, ferns, mosses, lichens and fungi. The report further specifies a 
number of habitats that should be preserved and promoted as they are typical 
for agricultural land uses (e.g., ecological compensation areas, meadows and 
pastures, hedgerows, ruderal areas etc). Given that the character species listed 
are representative for a wide range of these habitats, the approach combines 
the conservation of species and habitat diversity.

4.3.2.2 Genetic diversity within species

Genetic diversity is a prerequisite for the long-term survival of wild species. 
The Swiss environmental policy goals for agriculture demand the preserva-
tion of genetic diversity of the species and habitats that are to be protected as 
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set out above. In addition, the national action plan on the conservation and 
sustainable use of plant genetic resources for food and agriculture aims at 
preserving a broad genetic diversity of the crop plants present in Switzerland 
and their wild relatives in view of food production and security. Plant genetic 
resources are the starting point for any plant breeding program that aims at 
developing tailor-made varieties for future needs. Apart from economic bene-
fits, plant genetic resources also have ecological value (e.g., by being adapted 
to local conditions such as being resistant to plant diseases) and cultural value 
(e.g., by representing traditional regional production).

4.3.2.3 Functional biodiversity

According to the Swiss environmental policy goals for agriculture, agricultural 
production has to preserve the ecosystem services provided by biodiversity. The 
part of the biosphere providing the desired ecosystem services is termed “func-
tional biodiversity.” Human society obtains a wide array of important benefits 
from biodiversity and associated ecosystems. These ecosystem services are 
essential to human well-being and to sustaining life on earth since these serv-
ices operate on such a large scale, and in such complex ways, that most services 
could not be replaced by technology (Daily, 1999; CBD, 2000; Daily et al., 2000). 
Functional biodiversity covers ecosystem services such as soil fertility, natural 
pest regulation and pollination by insects (see section 4.2.3). The economic value 
of 17 ecosystem services for the entire biosphere has been estimated to $33 
trillion per year (Costanza et al., 1997). The production of 84% of crop species 
cultivated in Europe, for example, directly depends on insect pollinators, espe-
cially bees (Gallai et al., 2009), while predators and parasitoids fulfill relevant 
ecological functions by contributing to the natural regulation of arthropod pest 
populations within crop fields in agricultural landscapes. The total economic 
value of pollination worldwide is estimated to amount to €153 billion, which 
represented 9.5% of the value of the world agricultural production used for 
human food in 2005 (Gallai et al., 2009). The value of natural pest control attrib-
utable to insects in the United States is estimated to be US $4.5 billion annually 
(Losey and Vaughan, 2006).

4.3.2.4 Programs to assess Swiss environmental policy goals for agriculture      

To determine whether the current Swiss environmental policy goals for agricul-
ture are met, there is a need for programs assessing the status of the different 
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components of biodiversity. The status of implementation of these programs 
varies considerably among the different components of biodiversity. Several 
programs are running that assess the state of species and habitat diversity 
in Switzerland. Instruments assessing species and habitat diversity include 
among others the Red List species, the Biodiversity Monitoring Switzerland 
(BDM, 2009), and the Swiss Bird Index (Keller et al., 2008). These instruments 
assess a number of different indicators and allow one to obtain a relatively 
good estimation of the state of species diversity and to a lesser extent of habitat 
diversity. Only a few activities have been started for genetic diversity. Genetic 
diversity is primarily collected and inventoried for arable crops, vegetables, 
fruit trees and for forage grasses as part of the national action plan on the 
conservation and sustainable use of plant genetic resources for food and agri-
culture. Although not yet collected, there are plans to inventory the genetic 
diversity of wild plants that are relatives of crop plants and for wild plants used 
for medicinal purposes or as ornamental plants (Häner and Schierscher, 2009). 
No information is currently available on the state of functional biodiversity as 
no programs for its assessment are implemented.

4.3.3 specific protection goals related to genetic engineering

In Switzerland, the use of genetic engineering is regulated on the constitutional 
level (BV, SR 101). According to Article 120 BV, humans and their environment 
shall be protected against the misuse of genetic engineering. The rationale 
for this specific regulation is founded on the novelty of the technology and 
the uncertainties related to the consequences of the transformation process 
of genetically modified organisms (GMOs). The Swiss Federal Law relating to 
Nonhuman Gene Technology specifically prescribes the protection of humans, 
animals and the environment from abuses of genetic engineering (GTG, SR 
814.91). In particular, the law mandates that GMOs intended for use in the 
environment may only be marketed if experiments in contained systems or 
field trials have shown that they: (a) do not impair the population of protected 
organisms or organisms that are important for the ecosystem in question; (b) do 
not lead to the unintended extinction of a species of organism; (c) do not cause 
severe or permanent impairment of nutrient flows; (d) do not cause severe or 
permanent impairment of any important functions of the ecosystem in ques-
tion, in particular the fertility of the soil; and (e) do not disperse, or rather, their 
traits do not spread in an undesired way.
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4.4 The ecological relevance of biodiversity

4.4.1 species and habitat diversity 

Species richness is often used as a surrogate for overall biodiversity even though 
the nature and identification of species continues to be controversial, though 
no one thinks that species richness is all there is to biodiversity (Maclaurin and 
Sterelny, 2008). Habitats with a high species richness are frequently regarded 
as being more valuable than habitats with a lower species richness. However, 
species richness is not always an appropriate indicator for the ecological value 
of habitats as the habitat type plays an important role in the evaluation. Gener-
ally spoken, species-poor habitats often contain common, widespread species, 
whereas species-rich habitats are more likely to contain rare and threatened 
species. Yet, some habitats such as moorland are characterized by being inher-
ently species poor and by containing particularly adapted, rare species. Certain 
disturbances, such as increased nutrient inputs, might lead to a local increase in 
biodiversity in these habitats due to the invasion of less specialized and more 
widespread species that would not be able to survive in the originally nutrient-
poor environment. As the invading species are generally more competitive, 
they usually replace the initial, rare species that can typically be found in this 
particular habitat type. From a nature conservation point of view, the increased 
biodiversity found in these typical habitats is not desired as the specialized, rare 
species represent a particularly valuable component of biodiversity (Duelli, 1994; 
Kägi et al., 2002). Similarly, recent results of the Swiss Biodiversity Monitoring 
showed a slight increase in species richness in meadows when compared to the 
first assessment in 2001 (BDM, 2009). However, the analyses also showed that the 
increase was mainly due to the occurrence of widespread and generalist species 
already present in intensively managed, nutrient rich meadows. The net increase 
in species richness was thus not particularly valued as rare and specialist species 
characteristic for agricultural landscapes were missing.

Further examples show that increases in species richness are not always 
regarded as a positive development from a nature conservation point of view. 
Despite a global perception of declining biodiversity, managers are frequently 
presented with situations where biodiversity is increasing due to the arrival of 
invasive species (Thompson and Starzomski, 2007). Invasions by alien species 
are however regarded as being one of the major direct causes of biodiversity 
loss (among other factors such as land use change, pollution, unsustainable 
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natural resources use and climate change) (Slingenberg et al., 2009). Losses 
of native species may not result in net changes in biodiversity if exotic species 
move into an area and replace them. To the public and conservation managers, 
however, the loss of particular, valued native species is of concern, more so than 
the net change in biodiversity (Thompson and Starzomski, 2007). 

4.4.2 ecosystem functions and species diversity 

Rationales for the protection of biodiversity are often based on the argument 
that species provide ecological goods and services that are essential for human 
welfare. Some consensus appears to be crystallizing on the overall significance 
of maintaining ecosystem integrity and function (Gaston, 1996). This puts more 
emphasis to ecological processes than is immediately evident from many defini-
tions of biodiversity, for example, the one put forward by the CBD (CBD, 1992) 
that does not encompass functional diversity enabling most ecosystem services. 
The preservation of functional diversity also necessitates other conservation 
strategies than would be the case if primarily individual species would have to 
be preserved. One of the central questions in ecology is therefore how biodiver-
sity relates to ecological functions. Several hypotheses have been formulated to 
describe the relationship between ecosystem functions and species diversity:
  • Diversity-stability hypothesis (Macarthur, 1955; Elton, 1958): Early theo-

ries established the axiom that diverse ecological communities are the most 
stable. The rate of ecosystem processes is highest with the greatest number 
of species. As the number of species in the system increases, the ability to 
recover from disturbances is higher.

  • Rivet hypothesis (Ehrlich and Ehrlich, 1981): The rivet hypothesis assumes 
that the loss of species has an increasingly critical effect on the function of 
an ecosystem. All species are equally important in maintaining the system’s 
stability and every species has an equal and additive effect on function. While 
the effect of the loss of one species may be relatively small, the loss of several 
species can lead to the complete collapse of the functioning ecosystem. 

  • Redundancy hypothesis (Walker, 1992): This hypothesis predicts that not 
all species are of concern as some are redundant. A loss of species rich-
ness may be of little consequence to ecosystem functioning because func-
tional groups comprise many different species. Losing most species may 
have little effect, but the loss of some species may result in a dramatic 
destabilization of the system. 
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  • Idiosyncratic hypothesis (Lawton, 1994): This hypothesis suggests that there 
is no clear relationship between species number and ecosystem functions 
since the contribution of species to function is unpredictable as both the 
identity and order of species loss will affect function differentially. Ecosystem 
function changes when diversity changes, but the magnitude and direction 
of change are unpredictable as the roles of individual species are complex 
and varied. 

  • Insurance hypothesis (McNaughton, 1977; Naeem and Li, 1997): According 
to this hypothesis, biodiversity insures ecosystems against declines in their 
functioning. More diverse ecosystems are more likely to contain some species 
that can withstand perturbations and thus compensate for functional loss of 
other species being reduced or eliminated by the perturbation.

There is rather little scientific evidence from experimental studies 
supporting both the diversity-stability hypothesis and the rivet hypothesis. 
Evidence in support of a linear dependence of ecosystem function on diver-
sity (i.e., that even rare species contribute to function) is practically nonex-
istent (Schwartz et al., 2000). There is nevertheless convincing evidence that 
species-rich systems deliver ecosystem services more reliably than species-
poor ones. Empirical data suggests that the ecological stability is generated 
more by a diversity of functional groups than by species richness, which 
supports the insurance hypothesis (Peterson et al., 1998). Ecosystem serv-
ices typically do not depend on the presence of specific species, especially 
not rare, narrowly distributed species (Maclaurin and Sterelny, 2008). At 
least among species within the same trophic level, rarer species are likely 
to have small effects. Species are thus not of equal importance to ecosystem 
services and species richness per se is not necessarily a key element of 
ecosystem functioning. Moreover, landscape complexity may compensate 
for biodiversity loss because of local management intensity. The diversity of 
arable weeds, for example, is higher in organic than in conventional fields, 
but only in simple landscapes, as landscape diversity enhances species diver-
sity in conventional fields to a similar diversity level (Roschewitz et al., 2005). 
In contrast to what may be expected, introducing diverse habitats (and less 
intensive practices such as organic farming) has only a great effect in simple 
landscapes and will positively influence resilience (i.e., the capacity to main-
tain ecosystem services after disturbance), whereas complex landscapes are 
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already characterized by a high biodiversity sustaining ecosystem services 
(Tscharntke et al., 2005). Negative impacts of intensive farming such as herbi-
cide applications only occur in simple landscapes where colonization of arable 
weeds from the surrounding is limited, whereas complex landscapes appear to 
mitigate local anthropogenic weed elimination.

Hence, ecosystem properties may be insensitive to species loss as (i) 
ecosystems may have multiple species carrying out similar functional 
roles, (ii) some species may contribute relatively little to ecosystem prop-
erties, or (iii) properties may be primarily controlled by abiotic environ-
mental conditions (e.g., weather events) (Hooper et al., 2005). The most 
dramatic changes in ecosystem services are likely to come from altered 
functional compositions of communities and from the loss (within the 
same trophic level) of locally abundant species rather than from the loss 
of already rare species (Diaz et al., 2006). Interestingly, most conservation 
efforts concentrate on rare species. Rare species, however, may not interact  
strongly with other species in the ecosystem, nor be able to replace the effect 
of a dominant species. In conservation terms, it is more crucial to identify 
which species are likely to have disproportionate effect if they are lost. Espe-
cially in agroecosystems, species richness is often less important for ecosystem 
functions than the presence of a small subset of species (Shennan, 2008). 
High diversity of functional groups may allow reorganizations after distur-
bances due to a higher number of insurance species. Agricultural landscapes 
must be a mosaic of well connected early and late successional habitats to 
support a high biodiversity and thereby the capacity to recover from minor 
and major small- and large-scale disturbances (Tscharntke et al., 2005). From 
an ecosystem service conservation perspective, it is thus more important to 
protect species which have no functional equivalent and to maintain diver-
sity within functional groups than to focus on conserving particular individual 
species (Thompson and Starzomski, 2007).

4.4.3 summary of the ecological relevance of biodiversity

In the following, we will argue that there are two main motivations for the 
conservation of biodiversity: (1) the protection of rare and threatened species 
and (2) the functioning of ecosystem services based on genetic and species diver-
sity (ecological resilience). Genetic diversity (i.e., biodiversity within species) is 
thereby crucial to a species’ ability to adapt to its environment. An important 
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evaluation criterion for the conservation of rare and threatened species is the 
specific value given to a particular taxon or species. Although habitats having 
more biodiversity are generally valued higher,8  the conclusion that more biodi-
versity is normally better is not always valid. Species richness is not always an 
appropriate indicator for the ecological value of habitats as the habitat type plays 
an important role in the evaluation. Some habitats such as moorland are charac-
terized by being inherently species poor but by containing particularly adapted, 
rare species. Similarly, species richness is often less important for agroeco-
system functions than the presence of a small subset of species (Shennan, 2008). 
High diversity of functional groups may nevertheless allow reorganizations after 
disturbances due to higher number of insurance species. 

Rare and threatened species being characteristic for a specific habitat 
are still clearly valued higher than common and widespread species. Hence, 
the reduction of rare or characteristic species is usually evaluated negatively, 
whereas reductions of common species are normally tolerated. Yet, the loss 
of common species having no functional equivalent is the major concern for 
ecosystem service conservation. Rather than from the loss of already rare 
species, the most dramatic changes in ecosystem services are likely to come 
from altered functional compositions of communities and from the loss of 
locally abundant species (Diaz et al., 2006). The difficulty for decision makers 
when deciding on the accurate conservation strategy is that biodiversity 
conservation and ecosystem services may necessitate different conservation 
measures. As Duelli and Obrist (2003) emphasize, each of the two aspects 
requires its own indicators which do normally not correlate with each other. 
While species conservation focuses on rare and threatened species, ecosystem 
services concentrate on ubiquitous species as a species on the verge of extinc-
tion is likely to have less significant ecological influence. Conservation efforts 
still tend to support the management of single, endangered species (or increas-
ingly the preservation of specific habitats), while the preservation of ecosystem 
services is rarely an explicit management goal. To preserve the services that 
ecosystems provide to humans, management efforts should focus on preserving 
or restoring the biotic integrity of natural systems in terms of species composi-
tion, relative abundance, functional organization, and species numbers rather 
than on maximizing the number of species present or conserving particular 
individual species (see section 9.4).

8 Generally, species poor habitats often contain common, widespread species whereas 
species-rich habitats are more likely to contain rare and threatened species. 
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5 oPeRaTIoNal DefINITIoN of PRoTecTIoN Goals

5.1 Difficulty to find an unambiguous definition of the term biodiversity

One of the goals of the present study is to obtain a practicable conception of biodi-
versity that can be used to describe the agricultural context prevalent in Swit-
zerland. Scientifically, the term “biodiversity” can be differentiated into different 
components (genetic, species and habitat diversity) and into different attributes 
such as composition, structure and function (see section 4.2). Although the scien-
tific classification provides a more precise definition of biodiversity, the refine-
ment also substantially broadens the conception of biodiversity without facili-
tating its operational use in decision-making. Despite its multiple dimensions, 
biodiversity is usually equated with species richness only (Feld et al., 2009). Not 
surprisingly, the functional, structural and genetic components of biodiversity 
are still poorly addressed. This may, to a certain extent, be due to scientific limita-
tions of finding appropriate indicators for these components, but also reflects the 
fact that biodiversity assessment and monitoring until recently has been mainly 
driven by conservation biologist. This becomes apparent when looking at the 
programs implemented in Switzerland to assess biodiversity (see section 4.3.2). 
The biodiversity components most often measured today are species richness 
and habitat diversity, while genetic diversity is primarily covered by assessing 
the number of livestock breeds and crop varieties (BDM, 2009). Moreover, there 
are literally no routine monitoring programs that assess ecosystem services or 
ecosystem functions.

If even a refined concept of biodiversity (see Table 1) remains difficult to 
apply in practice, how can the concept then be made operational to support policy 
decisions? The variety of different definitions shows that biodiversity cannot be 
defined as a clearly measurable quantity, that is, it is impossible to provide an 
index allowing to rate ecosystems or collections of entities according to their 
degree of diversity (Norton, 2008). One has to recognize that it is probably simi-
larly impossible to find an unambiguous scientific definition of the term biodi-
versity. The goal should thus be to find an approach that enables stakeholders 
agreeing upon the way forward. The definition must allow one to find a common 
language that allows communication about what deserves protection because 
it is specifically valued. As with other metaconcepts, such as, sustainability or 
ecosystem health, biodiversity achieves operative sense only when it is clearly 
defined and used as a means to inform specific management decisions in specific 
ecosystems using specific indicators (Failing and Gregory, 2003). 
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Focusing on the management context necessitates going beyond general 
definitions to set scale and context-specific management objectives. At this stage, 
managers (i.e., regulatory authorities) need to deal with the difficult question of 
what is desired. Ultimately, policy decisions on what is to be protected are based on 
the legal frameworks regulating the conservation of biodiversity (see section 4.3). 
Nevertheless, policy decisions are inevitably linked to practical and financial 
constraints, making it impossible to conserve all components of biodiversity in 
the same manner or in the way it would be desired. The protection of biodiversity, 
as laid down in the legislation, is a man-made concept reflecting social values. 
When thinking about an apparently scientific concept such as biodiversity, one 
is forced to conclude that the concept remains ambiguous until it is clear what 
society is caring about (Norton, 2008). One could thus argue that a policy-rele-
vant definition has to be guided by both social and scientific criteria as what 
deserves protection is also defined by what people care about. Determining 
what truly deserves protection will thus inevitably be based on the motivations 
for biodiversity conservation, on the relevance that is given to biodiversity to 
serve these motivations (see section 4.2.3) and on the implicit values under-
lying the protection of biodiversity (see Box 2). Science and empirical evidence 
can thereby guide the discourse about policy goals and indicate what ecological 
theories tell us about the relevance of biodiversity (see section 4.4). 

5.2 a matrix for an operational definition of biodiversity in agricultural landscapes

Protection goals, as laid down in the existing legal frameworks, are usually 
described too vaguely to be scientifically assessed and to support regulatory 
decisionmaking. In the following, a matrix for an operational definition of protec-
tion goals is proposed that consists of a three-step process specifying protection 
goals, assessment endpoints and measurement endpoints (Table 2). The first two 
steps allow a more explicit characterization of the protection goal “biodiversity 
in agricultural landscapes” by specifying a number of assessment endpoints 
that describe the entities deserving protection in more detail. In the third step, 
measurement endpoints are defined that represent a measurable ecological 
characteristic, which can be related to the assessment endpoint chosen. The 
matrix presented herein will not be able to deliver a definite answer to the chal-
lenge of defining fully operational protection goals. The matrix should rather 
be seen as a tool that supports an operational definition of biodiversity. A true  
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operational definition of protection goals will need to be elaborated in a trans-
parent process involving all relevant stakeholders (regulators, applicants and 
scientists) (see section 5.3). The matrix is furthermore not restricted to GM plants 
and may thus form the basis for any evaluation of environmental impacts on 
biodiversity in agricultural landscapes.

5.2.1 Definition of protection goals

The first step for the definition of protection goals aims at identifying the different 
areas of protection to be considered as laid down in existing legal frameworks. 
The area of protection has been divided into the two principal categories, that is, 
“biodiversity conservation” and “ecosystem services” (Table 2). Biodiversity conser-
vation covers red list species and species of high conservation or cultural value 
from a range of different taxa including mammals, birds, amphibians, insects (such 
as butterflies) and plants. In addition to species diversity, biodiversity conservation 
also involves protected habitats and landscapes. 

Protection in this category primarily focuses on habitats as the term “land-
scape” is often less clearly defined and habitats are the units usually listed in the 
legislation (European Commission, 1992; NHV, SR 451.1). The operational defini-
tion of these two categories will ultimately necessitate compiling detailed lists for 
each group of species and habitats to be explicitly protected.

The second area of protection relates to ecosystem services that are essen-
tial to human existence. Ecosystem services relevant in an agricultural context 
include pollination, pest regulation, decomposition of organic matter, soil 
nutrient cycling, soil structure and water regulation and purification.

5.2.2 Definition of assessment endpoints

The second step aims at performing an operational definition for the protec-
tion goals specified in step 1 (Table 2). Each protection goal is defined by one 
or more assessment endpoints (Raybould, 2006, 2007). An assessment endpoint 
is thereby defined as an “explicit expression of the environmental value that is 
to be protected as set out by existing legal frameworks” (Suter, 2000). Assess-
ment endpoints are thus the valued attribute of an environmental entity 
deemed worth of protection. Broad assessment endpoints tend to be less 
valuable than more specific ones, but endpoints should not be too restrictive, 
either. It is important to note that an assessment endpoint is not an indicator  
(i.e., it is not an environmental measure generated by a monitoring program 
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that intends to be indicative of some environmental conditions), but the thing 
itself to be protected. An operational definition of assessment endpoints neces-
sitates defining the following criteria:
  • An ecological entity being representative of the area of protection selected 

(e.g., predators and parasitoids representing pest regulation)
  • An attribute to be protected, for example, “abundance” or “ecological 

function”
  • A unit of protection (individuals, populations, communities, guilds9)
  • A quantifiable spatial scale of protection10 (GM crop field, other arable land, 

nonagricultural habitats)
  • A quantifiable temporal scale of protection (present cropping season, 

following cropping season, time of consent of the GM event11)
  • A definition of the type of effects that are regarded to be harmful (i.e., a rele-

vant decrease in abundance or a relevant disturbance in ecological function)

Ideally, assessment endpoints should also satisfy the following criteria 
(adapted from (Suter, 2007): 
  • As assessment endpoints are the basis for decision-making, they should 

reflect policy goals and societal values
  • Ecological entities selected should be ecologically relevant
  • Ecological entities selected should be potentially highly exposed and respon-

sive to exposure
  • Assessment endpoints should be operationally definable (i.e., it should be 

clearly specified what must be measured or modeled)
  • Assessment endpoints should have the appropriate scale to the site or action 

assessed
  • Good techniques must be available to risk assessors (e.g., standard toxicity 

tests, monitoring methods) to assess assessment endpoints

9 A guild defines a group of species that exploit the same class of environmental   
 resources in a similar way.  
10 The proposed spatial scales allow a more unambiguous classification than a   
 classification using field, field borders, landscapes as the two latter terms are often 
 not clearly defined. Using biodiversity conservation of plants as an example, the  
 proposed scales allow one to determine whether weeds are regarded a protection  
 goal. Weeds are only regarded to be worth of protection in case the spatial scale  
 of protection is extended to GM crop fields and other arable land. In case the   
 spatial scale for valued plants is restricted to nonagricultural habitats, weeds are  
 explicitly not regarded as a protection goal.  
11 According to Swiss and EU legislation, the approval of a GM variety is granted  
 for 10 years.
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Biodiversity  
conservation

Ecosystem services /
functions

Protected habitats

Pollination

Pest regulation

Decomposition of 
organic matter

Soil nutrient  
cycling (N, P)

Soil structure

Water regulation  
and purification

Mammals

Birds

Amphibians

Valued insects 
(e.g., butterflies)

Valued plants

Habitats listed  
in legislation

Pollinating insects

Predators and  
parasitoids

Soil invertebrates, 
soil microorganisms

Soil microorganisms

Soil invertebrates

Fish

Aquatic invertebrates

Algae

Red List species

Species of high  
conservation /  
cultural value

Abundance

Ecological function

Area of protection Ecological entity Attribute Unit of protection

Individuals

Populations

Communities

Guilds

     PRoTecTIoN Goals

cRITeRIa foR THe oPeRaTIoNal DefINITIoN of THe PRoTecTIoN Goal

     assessMeNT eNDPoINTs
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Relevant  
decrease  
in abundance

Relevant  
disturbance  
in ecological 
function

Selected species

Direct or indirect 
indicator able  
to demonstrate  
failures in eco-
system function

Spatial scale 
of protection

Temporal scale  
of protection

Definition of  
harmful effect

 Indicator Parameters 
Early tiers

Parameters 
Higher tiers

GM crop fields 

Other arable land 

Nonagricultural 
habitats

Present cropping 
season

Following cropping 
season

Time of consent  
(e.g., 10 years)

Mortality

Reproduction

...

Abundance

Diversity

…

Selected habitats

cRITeRIa foR THe oPeRaTIoNal DefINITIoN of THe PRoTecTIoN Goal

     assessMeNT eNDPoINTs       MeasUReMeNT eNDPoINTs

cRITeRIa foR THe TYPe of effecT To Be MeasUReD
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The process of precisely describing the different attributes of biodiver-
sity is not completed with the definition of assessment endpoints as these are 
not able to provide the evidence base for policy decisions. The final task is the 
production of a plan to test the risk hypotheses. Testing involves the definition 
of measurement endpoints that define the indicator of change that will actually 
be recorded as part of the environmental risk assessment. 

5.2.3 Definition of measurement endpoints

The last step aims at defining criteria for the types of effects to be measured. 
These measurement endpoints are a measurable ecological characteristic that 
can be related to the assessment endpoint chosen (Raybould, 2006; Storkey 
et al., 2008). A measurement endpoint can thus be regarded as an indicator 
allowing for conclusions about changes in the assessment endpoint. Given 
that it is impossible to assess or to measure the state of a specific protection 
goal as a whole, specific surrogates or indicators being considered representa-
tive for the area of protection are to be selected (Reid et al., 1993; Duelli and 
Obrist, 2003; Sanvido et al., 2005). Selection of indicators can often only be 
performed on a case-by-case basis that considers both the risk hypothesis 
derived from the initial problem formulation pertinent to a specific GM crop 
and the tier best suited to test the risk hypothesis (Raybould, 2006; Romeis  
et al., 2008a). The definition of measurement endpoints further requires 
defining parameters (i.e., measure of biological effects such as death, repro-
duction, and growth) that are able to show changes in the particular indicator 
species. These parameters can include measures of exposure as well as meas-
ures of effects and differ depending on the tier (i.e., laboratory, glasshouse or 
field) that is best suited to test the risk hypothesis. Parameters for lower tiers 
usually cover lethal (e.g., mortality) or sublethal effects (e.g., reduced repro-
duction) while higher tiers are rather characterized by parameters such as 
abundance and diversity. 

The choice of measurement endpoints is also a factor of practical 
constraints related to the design of appropriate sampling protocols and the 
selection of available sampling methodologies. As this topic is exceeding the 
scope of this report, it will not be explored in full detail. It is nevertheless 
important to recognize that even the most plausible risk hypothesis that a GM 
crop might harm the environment may lead to uncertain conclusions if it is 
not tested rigorously (Raybould, 2007). To allow decision-making, tests must 
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be conducted as such that the defined risk hypothesis is confirmed with the 
maximum possible accuracy and probability. This requires that the hypoth-
esis is focusing on detecting ecologically relevant effects. Apart from proper 
experimental design and statistical planning (Fairweather, 1991; Perry et al., 
2003; EFSA, 2009a), the rigorous testing of a hypothesis needs to answer the 
question regarding under what conditions the existence of a supposed risk 
is most likely revealed. For example, only if a particular stressor (e.g., the 
Bt-toxin) causes a relatively strong effect under field conditions, it will not 
be blurred by a number of influencing factors which will cause different, 
overlapping smaller effects. Given that the influence of the various factors 
is hardly distinguishable, it could become very difficult to unambiguously 
determine the causality between a particular effect and the factor causing 
it. The likelihood to detect a relevant effect in an environmental multifacto-
rial setting (as typical for environmental monitoring programs) might thus be 
much lower than detecting one in a more controlled setting with only a few 
factors involved. Hence, testing a risk hypothesis in a more controlled setting 
such as a laboratory or greenhouse might generally be more rigorous than 
testing the hypothesis under more ecological conditions (Raybould, 2007; 
Romeis et al., 2008a). 

5.3 application of the matrix for an operational definition of protection goals

5.3.1 approaching an operational definition of the protection goal biodiversity

Operational protection goals are a prerequisite for regulatory decision-making 
as they specify what deserves protection. Assessment endpoints thereby specify 
the ecological entities and their related attributes to be specifically protected 
while measurement endpoints enable to select those indicators that are to be 
used to determine with the maximum possible rigor the likelihood that harm 
might occur (or has occurred) to the protection goals chosen. While the defi-
nition of protection goals is essentially a generic process applicable to agri-
culture management at large, the more precise definition of both assessment 
and measurement endpoints has to be carried out on a case-by-case basis for 
each specific GM crop. A thorough problem formulation is thereby an essential 
prerequisite for the operational definition of these endpoints where the nature 
of the crop introduced, the genetically modified trait and the receiving environ-
ment are considered (Romeis et al., 2008a; Wolt et al., 2010).
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Given that protection goals are set by existing legal frameworks, the 
initial proposal what to protect has to be framed by the regulatory authorities 
involved in the risk analysis of GM crops. There is general consensus that biodi-
versity protection goals, as specified by existing legislation (such as Red List 
species, protected habitats, etc.) (see section 4.3), are to be protected. There is, 
however, controversy surrounding the necessity of the protection of “common” 
species that are not explicitly listed in the legislation, but that fulfill important 
ecosystem services and may be reduced by common agricultural practices. The 
operational definition of protection goals should therefore ideally be defined in 
a transparent process involving a dialogue between all relevant stakeholders 
(regulators, applicants and scientists). The matrix presented herein (Table 2) 
can thereby be used as a tool to structure the dialogue, especially when defining 
both assessment and measurement endpoints. The process could include stake-
holder meetings where stakeholders would compile and rank different conser-
vation goals and ecosystem services. 

Agreeing on endpoints (and thus policy targets) for biodiversity conserva-
tion and ecosystem services is likely to be a difficult task for at least two reasons. 
First, the complexity of the underlying system means that endpoints are diffi-
cult to define in a way that is both operational for public policy and possible to 
communicate to policy-makers and the public. Reducing these difficulties by using 
vague terms such as “ecological integrity” will not solve the problem. Second, the 
problems are exacerbated by the fact that endpoints for biodiversity conservation 
and ecosystem functioning will sometimes contradict each other. Setting ecologi-
cally-based endpoints may require balancing competing goals (e.g., the protection 
of rare species vs. the preservation of common species) that are guaranteed to 
be a source of controversy both for scientists and the public. The content of the 
matrix will to a great extent depend on the motivations (see section 4.2.3) and 
on the value systems underlying the preservation of biodiversity (see Box 2) of 
the various stakeholders involved in the operational definition of protection goals. 
Stakeholders will inevitably have competing motivations and values. Failures to 
disclose differing motivations and value systems will have important policy impli-
cations as the operational definition of protection goal necessitates to agree on 
common policy goals. The operational definition of protection goals will therefore 
inevitably also include a number of challenges. Some of these challenges for a 
number of ecological entities are discussed in the next section. To address these 
challenges, the motivations and the values underlying the protection of biodiversity 
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need to be explicitly stated and assessment and measurement endpoints need to be 
adapted to these motivations and values. The Ethical Reference System presented 
in section 9.2 can thereby be a tool supporting such an exercise.

Nevertheless, it is important to consider that stakeholder approaches have 
limitations when it comes to decision making. Setting priorities and making 
informed decisions requires both scientific and value judgments (Failing and 
Gregory, 2003). These are distinct judgments to be made by different individuals. 
Nonscientific stakeholders should be asked to make only value judgments in 
consultative processes, but not scientific judgments for which they are not quali-
fied and informed. Evaluating the relevance of the data is a task that necessitates 
expert knowledge (see section 9.1). This is thus the task of scientists and not 
of the public as the latter lacks the necessary knowledge. It is crucial to recog-
nize that decision-making requires that one considers sound science and not 
democratic consideration of different viewpoints and interests of stakeholders. 
This is because decision-making is an executive force and not a legislative force. 
Democratic considerations have been considered during the drafting of the 
legislation, but once in place, the legislation has to be carried out by the regula-
tory authorities considering sound scientific principles. 

Box 2: Different value systems underlying the preservation of biodiversity

The necessity to preserve biodiversity may, to a certain extent, be based on a scientific 

rationale (Chapin et al., 2000; McCann, 2000; Tilman, 2000; Diaz et al., 2006), but the 

question “why?” remains ultimately a normative one that has to be answered based on 

the prevalent societal and ethical value systems. The process of finding an operational 

definition of biodiversity will inevitably necessitate decision-makers to make a trade-off 

as the different value systems often contradict each other. These contradictions become 

apparent if one compares three possible value systems that may have an influence on  

the motivation to preserve biodiversity: (1) intrinsic value, (2) demand value and (3) 

option value.

Intrinsic value

The idea that biodiversity is intrinsically valuable enjoys wide support as it reflects that 

we care for nature not as a resource, but rather as a good in itself (Maclaurin and Sterelny, 

2008). The preamble to the CBD, for example, gives an intrinsic value to biological diversity 

and the ecological, genetic, social, economic, scientific, educational, cultural, recreational 

and aesthetic values of biological diversity and its components (CBD, 1992).
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Demand value

One of the simplest motivations to preserve biodiversity derives from broadly utilitarian 

theories of environmental ethics (see section 9.3.1), that is, from the idea that the moral 

worth of an action is determined solely by its contribution to overall utility (e.g., to the 

maximization of happiness or pleasure as summed among all persons). The value of an 

ecosystem and its components thereby equates with the resources and services they provide 

to humans – they have a demand value that warrants the investment required for their 

conservation (Maclaurin and Sterelny, 2008). Such an approach would lead the society to 

place a high value on protecting the basic ecological mechanisms on which humans depend. 

A demand value approach does furthermore not tie value to diversity per se as importance is 

more tied to specific uses. This may include the importance as a resource, a crucial ecolog-

ical function or a rather obscure attribute as being loved by the general public. Following 

a rather strict utilitarian theory, the demand value approach faces some challenges as the 

theory can hardly aggregate individual cost benefit trade-offs into a collective assessment – 

benefits to some always impose costs on others.
 

option value

Option value, being the third utilitarian theory, links utility much more closely to diversity. 

Option value is an insurance concept borrowed from economics that is based on two basic 

ideas. First, species (or ecosystems) that are not of value to us at present may become 

valuable at some point in the future. Second, as our knowledge improves (and as circum-

stances change) we might discover new ways in which they can be valuable (Maclaurin 

and Sterelny, 2008). The crucial point about option value is making diversity valuable. The 

approach suggests preserving a biodiversity as rich and representative as possible as it is 

not known in advance which species will prove to be important. This is probably also one of 

its most obvious limitations as the approach, understood in its most broad interpretation, 

would demand that everything has to be preserved just in virtue of being useful in some 

conceivable future event. This would result in the ineffective goal of preserving biodiversity 

in all possible respects. One solution would be to focus not on mere possibilities, but on 

probabilities that a certain feature could prove to be valuable under some circumstances 

(Maclaurin and Sterelny, 2008). Species loss may not be important in terms of the role of the 

species now, but rather in terms of that species being available to fulfill a functional role in 

a future environment (Thompson and Starzomski, 2007). Clearly, the option value approach 

also suggests that many species do not have high enough option value to justify major 

expenditures on their conservation. The approach recognizes that many species are of great 

value, but it does not imply that all species or all biological systems, are of important value 

and should to be saved.
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5.3.2 examples for some selected protection goals

In the following, the proposed matrix for an operational definition of biodiversity 
(see section 5.2) is completed for some selected protection goals to illustrate how 
such a definition could be performed. The operational definition thereby consists 
of specifying the area of protection and of defining assessment and measurement 
endpoints (Table 3). Here, the protection goals are differentiated into the two main 
areas of protection, that is, biodiversity conservation and ecosystem services. 

5.3.2.1 Definition of assessment endpoints for biodiversity conservation

The first step in the definition of assessment endpoints aims at identifying the 
different areas of protection as laid down in existing legal frameworks. For biodi-
versity conservation, the area of protection includes Red List species and species 
of high conservation and cultural value. In the present example, the ecological 
entities to be protected are restricted to valued plants and valued insects (in 
particular, butterflies being a species group with a high conservation value where 
more than 50% of the species occurring in Switzerland are Red List species). 

Red List species are defined for both plants and insects (Duelli, 1994; 
Gonseth, 1994; Moser et al., 2002). Similarly, species of high conservation value 
and cultural value are specified in the environmental policy goals for agri-
culture specifying target species12 and character species13 (Bafu/BLW, 2008) 
(see section 4.3.2). The unit of protection for biodiversity conservation of all of 
these species is usually specified on the basis of populations or communities 
and the attribute to be protected is the abundance of the respective popula-
tions and communities.

The first difficulty when defining assessment endpoint for biodiversity 
conservation is the definition of the spatial scale of protection. Logically, 
the spatial scale of protection for valued plants and valued insects (such as 
butterflies) should be set to nonagricultural habitats as agricultural fields 
cannot be regarded as typical habitats for Red List species and species of 
high conservation and cultural value. Typically, the primary aim of agricul-
tural fields is the production of food and feed and not the production of 
biodiversity. Yet, the promotion or conservation of biodiversity in agricul-
tural fields is a complex topic that is hotly debated in Europe. It is argued 
that in many European countries, agriculture and natural habitats are inti-
mately mixed with around 70% of the land area being classified as agricul-
tural land (Hails, 2002). Consequently, the conservation of “common” species 

12 Target species are locally or regionally occurring species that should be preserved 
 and promoted as they are threatened on a national level.  
13 Character species are characteristic for a particular region and they are  
 representative for a specific habitat.
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and communities within the farmed landscape is seen as an emerging para-
digm (Marshall et al., 2003). Hence, there is controversy about the question 
whether certain common species (although not being explicitly listed in the 
legislation) should be regarded as a protection goal since effects on these 
species might translate to higher trophic levels. These higher trophic levels 
may include Red List species or species of high conservation or cultural value. 
A prominent example for the conflict surrounding the protection of “common” 
species are agricultural weeds that on the one hand have the potential to 
reduce agricultural yield, but that do also form an essential part of food webs 
in agricultural landscapes contributing to farmland biodiversity (Watkinson 
et al., 2000; Heard et al., 2005). The question is thus what characterizes a 
“valued” plant species. Though there is a need to promote biodiversity not 
only in nonagricultural habitats, we believe that classifying certain common 
species (such as weeds) as a generic protection goal might lead to a number 
of conflicts. Rather, a balance between adequate weed control and the oppor-
tunity to retain some plants to support biological diversity should be searched 
(see section 8.2.2). 

A second difficulty is linked to the definition of the temporal scale of protec-
tion. On the one hand, many legal frameworks such as the Swiss Gene Tech-
nology Act require that the protection of biodiversity and its sustainable use is 
permanent (GTG, SR 814.91). It is moreover known that long time periods may 
be needed before ecological effects become apparent. In the UK, it took several 
decades before marked reductions in farmland biodiversity were noticed (Fuller 
et al., 1995; Robinson and Sutherland, 2002). On the other hand, regulatory deci-
sions have often to be taken within shorter timeframes than decades, which 
makes it necessary to find a compromise for a measurable temporal scale. We 
propose to define the temporal scale according to the time of consent that is 
granted for GM events, which is currently 10 years (European Community, 2001; 
GTG, SR 814.91). After the 10-year period, regulatory authorities can decide 
whether impairment in a particular protection goal has occurred and they can 
use this information when deciding on the renewal of consent.

5.3.2.2 Definition of measurement endpoints for biodiversity conservation

The first step when defining measurement endpoints for biodiversity conser-
vation consist in selecting appropriate indicator species. The term indicator is 
used here according to Duelli and Obrist (2003), who defined that “an indicator 
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should be a measurable portion of an entity that correlates with this larger entity. ” 
On the one hand, biodiversity indicators can be defined on a more general basis 
to be indicative for a larger entity such as “biodiversity in agricultural land-
scapes.” For such biodiversity assessments, several indicators such as flowering 
plants, birds, and butterflies are usually combined to assure the quality of the 
data obtained (Jeanneret et al., 2003; BDM, 2009). On the other hand, indicator 
species can also be specifically selected to test a particular risk hypothesis. If, for 
example, a GM crop expresses a toxin with a specific toxicity against a particular 
group of organisms (such as Cry1Ab against Lepidoptera), the risk hypothesis 
should focus on testing nontarget lepidopteran species as an effect is most prob-
ably occurring in this species group (Romeis et al., 2008a).

A critical aspect when defining operational protection goals for biodiver-
sity conservation is linked to the difficulty to define measurable endpoints 
for Red List species. Red List species can often not be chosen as the primary 
indicator as they can either not be tested under laboratory conditions due to 
their conservation status or they occur too rarely in agricultural landscapes 
to be easily monitored and to allow for proper statistical analyses (Aviron 
et al., 2009). Laboratory toxicity studies and monitoring programs therefore 
need to rely on surrogate species that are intended to be representative for a 
specific group of Red List species. Although the utility of the concept of surro-
gate species is a constantly debated issue14 both in conservation biology (Caro 
and O’Doherty, 1999) and ecotoxicological testing (Cairns, 1983), the surro-
gate approach is still the standard practice mandated for environmental risk 
assessment of pesticides and GMOs in most countries. Hence, the choice of 
surrogate species is most likely inevitable as it is impractical to assess biodi-
versity as a whole. 

The last step in the definition of measurement endpoints for biodiversity 
conservation consists of the choice of appropriate parameters for early and 
higher tier studies. The term parameter is hereby used as being subsidiary 
to the term indicator since effects on a given indicator are often assessed by 
the measurement of several parameters that are able to show changes in the 
indicator chosen (Sanvido et al., 2005) (see section 5.2.3). “Mortality,” “devel-
opment time” or “reproduction” could, for example, be possible parameters 
for early tier studies, while parameters for higher tier studies could be “abun-
dance” or “diversity.” 

14 The critiques of this approach center on the question as to which species is best 
suited to represent a specific group of species.
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Biodiversity  
conservation

Ecosystem services /
functions

Pollination

Pest regulation

Decomposition of 
organic matter

Valued insects 
(e.g., butterflies)

Valued plants

Pollinating insects

Predators and  
parasitoids

Soil invertebrates, 
soil microorganisms

Red List species

Species of high  
conservation /  
cultural value

Abundance

Ecological function

Area of protection Ecological entity Attribute Unit of protection

     PRoTecTIoN Goals

cRITeRIa foR THe oPeRaTIoNal DefINITIoN  
of THe PRoTecTIoN Goal

     assessMeNT eNDPoINTs

Population

Population

Guild

Guild

Guild

Individuals

Populations

Communities

Guilds

Table 3: Examples how to use the matrix for an operational definition of protection  
goals (biodiversity) for some selected protection goals
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Relevant 
decrease  
in abundance

Relevant  
disturbance  
in pollination  
of crops

Relevant  
disturbance  
in pest regulation 
of crops

Relevant  
disturbance in 
decomposition  
of organic matter

Selected species Mortality,  
Development  
time (larvae)

Mortality,  
Development  
time (larvae)

Mortality,  
Reproduction

Abundance,  
Diversity

Abundance,  
population  
growth

Abundance

Selected species not applicable

Mortality,  
Reproduction

Abundance,  
Diversity

AbundanceSelected species, 
unusual pest  
outbreaks

Selected species, 
decomposition  
rate of organic 
matter

Unit of protection Spatial scale 
of protection

Temporal scale  
of protection

Definition of  
harmful effect

Indicator Parameters 
Early tiers

Parameters 
Higher tiers

Honey bee

cRITeRIa foR THe oPeRaTIoNal DefINITIoN  
of THe PRoTecTIoN Goal

     assessMeNT eNDPoINTs      MeasUReMeNT eNDPoINTs

cRITeRIa foR THe TYPe of effecT  
To Be MeasUReD

Population

Population

Guild

Guild

Guild

Nonagricultural  
habitats

Nonagricultural  
habitats

10 years 

10 years 

10 years 

10 years 

10 years 

Arable land,  
Nonagricultural 
habitats

Arable land

Arable land

GM crop fields 

Other arable land 

Nonagricultural 
habitats

Present cropping 
season

Following cropping 
season

Time of consent  
(e.g., 10 years)

Mortality

Reproduction

...

Abundance

Diversity

…

Table 3: Examples how to use the matrix for an operational definition of protection  
goals (biodiversity) for some selected protection goals
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5.3.2.3 Definition of assessment endpoints for ecosystem services

In the following, the example for the definition of assessment endpoints for 
ecosystem services will focus on pollination, pest regulation and the decompo-
sition of organic matter. The relevant ecological entities are pollinating insects, 
predators and parasitoids as well as soil invertebrates and microorganisms. 
The attribute to be protected is the respective ecological function. The appro-
priate unit of protection for all three ecosystem services is the guild, that is, a 
group of species that exploit the same class of environmental resources in a 
similar way. 

Differences exist regarding the appropriate spatial scale of protection. The 
ecosystem service “pollination” should in principle be protected across the whole 
landscape, that is, in GM crop fields, on other arable land and in nonagricultural 
habitats. Natural pest regulation and the decomposition of organic matter, in 
contrast, are two ecosystem services that are more relevant on agricultural land 
than in nonagricultural habitats (i.e., on GM crop fields and on other arable 
land). Like for biodiversity conservation, the temporal scale of protection is 
set to 10 years, that is, the time of consent for GM events. Harmful effects are 
defined as relevant disturbances in the respective ecological function. 

5.3.2.4 Definition of measurement endpoints for ecosystem services

The first step when defining measurement endpoints consists of the selec-
tion of appropriate indicators that are indicative for the respective ecosystem 
service. Key species or guilds that are representative of different functional 
groups are known in most systems and appropriate indicator species can be 
selected (Romeis et al., 2008a). These indicator species should be representa-
tives of ecologically and economically important arthropod taxa in the crop. A 
common indicator for pollinating insects, for example, is the honey bee, which 
has been a key test species in ecotoxicological testing for a long time (Malone 
and Pham-Delegue, 2001; Romeis et al., 2008a). Species selection for pest regu-
lation and decomposition of organic matter, in contrast, is a relatively new 
topic that has only recentl y received major attention. Species that could be 
selected as appropriate indicator for the discussed ecosystem services are to 
be determined.

In addition to performing direct measurement of specific indicator organism 
groups or species, it may be appropriate to additionally select an indirect indi-
cator able to demonstrate failures in the respective ecosystem service. Failures 
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in biological control functions, for example, could be surveyed indirectly by 
recording unusual pest outbreaks (Sanvido et al., 2009). Soil invertebrates and 
soil microorganisms could be surveyed by assessing decomposition of organic 
matter (Knacker et al., 2003; Zurbrügg et al., 2010) or parameters such as soil 
respiration and microbial biomass (Römbke, 2006; Ferreira et al., 2010).

Parameter selection for early tier studies should consider the known mode 
of action of an insecticidal protein against the sensitive targets. In the case of 
Cry1Ab proteins, for example, sensitive Lepidoptera larvae are killed relatively 
quickly after ingestion of the protein. Consequently, one would select “mortality” 
as the appropriate parameter. In the case of an insecticidal protein that is known 
to reduce the fecundity, but that is also known to have no lethal effect, the param-
eter “reproduction” would be a more appropriate endpoint than “mortality.” 
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6 THe Use of “THResHolDs” To eValUaTe RIsKs aND cHaNces

The idea that risks are acceptable as long as they do not exceed a certain prede-
fined threshold is a concept that is often emerging in discussions related to deci-
sion-making in risk assessments. The use of thresholds is thereby often linked 
to the issue of balancing risks and benefits or more precisely risks and chances.15 

When discussing the application of thresholds and the issue of balancing risks 
with chances, it is important to consider that both concepts have their foundation 
in specific ethical theories (i.e., either deontology or utilitarianism). Depending 
on the ethical theory that is underlying the relevant legal frameworks, there 
may be differences how these concepts may be applied in a decision-making 
process. The term “threshold” is furthermore often used in different connota-
tions in ethics and ecology. In the following, the implications of these differences 
for regulatory decision-making are shortly described.

6.1 Thresholds in ethics

What are the ethical criteria for acceptable risks? One option that underlies 
many legal frameworks is that the risks individuals or populations are exposed 
to (without their consent) are acceptable as long as they do not exceed a certain 
predefined threshold. Another option is that risks are acceptable (or even oblig-
atory) if they are necessary for realizing the greatest expected net benefit. The 
first criterion is advocated by deontological theories, the second by utilitarian 
theories. It is important to note that, contrary to a widespread belief, the deon-
tological and the utilitarian criterion of risk acceptability cannot be combined 
since they are mutually exclusive.

6.1.1 Deontological approach

According to deontological approaches (see section 9.3.2), decisions are based on 
an absolute normative threshold defining a limit that no risk may exceed (Figure 1). 
The main idea underlying the deontological criterion is that there is a duty of 
care according to which risks should be reduced to a point where the occurrence 
of harm is not to be expected. Requiring zero risk, however, cannot be justified 
since this would make social life impossible. That is why a normative threshold 
is introduced. Risks exceeding this threshold are prohibited, irrespective of 
the chances associated with them, while risks below the threshold are accept-
able. All options where the risk remains below the specified threshold (B & C) 

15 Despite the frequent use of the term “benefit“ as the opposite of the term “risk,” the 
term “chance“ would be the correct antonym to risk. The correct antonym to “benefit“ 
is “damage“ as both terms describe a factual statement whereas both the terms “risk“ 
and “chance“ incorporate a probability component, namely, the probability that a 
damage (from a risk) or that a benefit (from a chance) might occur, respectively.
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are acceptable. If the risk of an option exceeds the defined threshold, it has to be 
reduced by appropriate risk management options to possibly remain below the 
threshold. Within the acceptable options (i.e., those options where the risk remains 
below the given threshold), the one bearing the lowest risk or impact may be 
preferred. There is, however, no obligation to choose the option bearing the lowest 
risk. Among the acceptable options, balancing risks and chances is thus permitted 
(i.e., balancing the chances of options B and C with their respective risks). 

6.1.2 Utilitarian approach

According to the utilitarian approach (see section 9.3.1), decisions ought to be 
based on the highest expected benefit (Figure 2). The main idea underlying the 
utilitarian criterion is that there is only one moral duty: the duty to maximize 
expected net benefit. If this goal can only be reached by exposing other individuals 

Figure 1: Graphical scheme illustrating the deontological approach to the threshold 

conception. Balancing the risks and chances of the two acceptable options, B and C,  

is permitted. Although the chance of option A exceeds the ones of options B and C, 

option A is not acceptable as the risk exceeds the absolute threshold.

Chance

Risk

Absolute Threshold

Acceptable

Acceptable

Not 
acceptable
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or populations to certain risks, this must be done, even if these risks are very high. 
For each option, the total chance is compared to the total risk. There is an obligation 
to choose the option with the highest expected benefit (total chance minus total 
risk). When following a utilitarian approach, there is no normative threshold.

Utilitarianism needs a theory of intrinsic values to be able to determine risks 
and chances and to weigh them up against each other. Chances refer to the prob-
ability of intrinsic value (benefit) occurring, risks to the probability of intrinsic 
disvalue (damage) occurring. Weighing risks and chances and summing them 
up, however, presupposes a common scale, a common currency, as it were, that 
allows adding and subtracting them. However, what does this currency consist 
of? There have been several attempts of solving this problem (for instance, by 
using a monetary currency as in willingness to pay or willingness to compen-
sate), but all of them have shown to be problematic.

A further problem affecting the determination of risks or damage is how 
conflicting protection goals should be weighed. Of course, the law can settle this 
problem by fiat. However, if policy makers want to preserve legal coherence, 
they should try to determine the relative value of different protection goals by 
deriving this value from higher-order protection goals. Take, for instance, the 
protection goals biodiversity and water. If there is a conflict between these two 
protection goals, we need to know which of them has greater relative value with 
regard to a higher-order protection goal such as the maintenance of ecosystem 
stability. In many cases, the law does not sufficiently specify the relation between 
higher-order protection goals and subordinate protection goals. This problem 
does not seem unsolvable, however. What would be needed in our example is a 
determination of the instrumental, that is, functional value of water and biodi-
versity with regard to ecosystem stability in a way that makes it clear which of 
the two protection goals should be assigned priority. This determination should 
be specific enough to be applicable in concrete situations where regulators must 
choose between these conflicting protection goals.

6.2 Thresholds in ecology

An ecological threshold can be described as a point or a zone where there is 
a relatively rapid change from one ecological condition to another (Huggett, 
2005; Luck, 2005). According to this theory, at a threshold, even small changes in  
environmental conditions will lead to large responses in ecosystem state variables 
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(Groffman et al., 2006; Suding and Hobbs, 2009). One idea underlying the 
threshold concept is its practical use for management decisions as exceeding 
specific ecological thresholds would indicate that an ecosystem is moving away 
from a desired state.16

The term threshold is closely linked to the concept of resilience, which is 
often defined as the capacity of ecological systems to recover from disturbances 
(Walker, 1995). Resilience is thereby equated to the time needed for a system to 
return to a global equilibrium state following a perturbation. In the ecological 
literature, it is thus associated with the concept of ecological stability. 17 Accord-
ingly, some authors postulate a threshold of biodiversity below which ecosystems  
lose the self-organization that enables them to provide ecological services 
(Perrings and Opschoor, 1994). Ecosystems would thereby become increasingly 

16 The question as to what defines a desired state includes a subjective value  
 judgement, a question which can not be answered from a purely scientific and  
 objective perspective.  
17 The term “ecological stability” is one of the most nebulous terms in ecology as up to  
 163 different definitions of the term have been counted (Grimm and Wissel 1997,  
 Muradian 2001).  

Figure 2: Graphical scheme illustrating the utilitarian approach to balancing 
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unstable as diversity decreases. As threshold patterns follow a discontinuous, 
nonlinear behavior, ecosystems would not be robust enough to resist species 
deletion and lose their capacity to absorb perturbations once species diversity 
falls below the stability threshold. This would require that ecosystems have a 
“saturation point,” that is, ecosystem services would not increase above a certain 
diversity level even when biodiversity is increased. Such a pattern is quite 
similar to the rivet hypothesis (Ehrlich and Ehrlich, 1981), which suggests that 
ecosystems can initially afford continual removal of its component without expe-
riencing a loss of function, while at a certain point only one additional species 
extinction leads to a loss of the function (see section 4.4).

In a second definition of resilience, the existence of multiple “stable” states 
in ecosystems is emphasized.18 Resilience is thereby defined as the ability of a 
system to withstand changes and to maintain its structure and patterns before 
flipping to another stable state (Holling, 1973; Peterson et al., 1998; Gunderson, 
2000). One key distinction between the two definitions of resilience lies in the 
assumptions regarding the existence of multiple stable states. The first defini-
tion, where resilience is essentially defined as the return time to equilibrium, 
assumes that there exists only one stable state. The second one, in contrast, 
presumes the existence of multiple stable states and the tolerance of the system 
to perturbations that facilitate transitions among them (Gunderson, 2000). 
The existence of multiple stable states and transitions between these states 
have been described in a range of ecological systems, such as for example 
the transition from grassland or abandoned arable land to shrubland and 
subsequently to woodland (Harmer et al., 2001; Kuiters and Slim, 2003). Both 
ecological theories and empirical evidence clearly show that alternative stable 
states can coexist side-by-side (Scheffer and Carpenter, 2003). Landscapes 
often comprise a mosaic of patches with different alternative stable vegetation 
types that remain unaltered for decades until an extreme event triggers a shift 
in the pattern

In theory, ecological thresholds must not be restricted to species extinction 
leading to the collapse of ecosystem functions, but thresholds can also be related 
to habitat loss. This other theoretical pattern predicting ecological thresholds 
is linked to habitat fragmentation and metapopulation models (Hanski, 1998). 
Species loss may also occur due to habitat loss and fragmentation, in particular 
due to the loss of habitat connectivity. Connectivity loss thereby disables the 
dispersal and exchange of individuals between metapopulations occurring in 

18 Ecosystems are obviously never stable in the sense that they do not change. There are 
always constant fluctuations of natural populations due to seasonality and environmental 
conditions (Scheffer and Carpenter 2003). 
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different habitat patches. As the loss of habitat connectivity is a highly nonlinear 
process, theory predicts that species loss occurs after the degree of connectivity 
has fallen below a certain critical threshold. The same may be true for ecosystem 
services such as biological control functions of natural enemies where habitat 
fragments support a less diverse community of natural enemies resulting in lower 
predation or parasitation rates on pest populations (Kruess and Tscharntke, 
1994; With et al., 2002).

6.3 Using thresholds in regulatory decision-making

What are the conclusions for regulatory decision-making when considering the 
above mentioned ethical and ecological considerations for the use of thresholds 
and in particular regarding the question under what circumstances one is 
allowed to balance risks and chances? The ethical considerations are insofar 
relevant as many legal frameworks such as the Swiss Gene Technology Law 
are mostly based on deontological considerations. Different options are thereby 
acceptable as long as their associated risks do not exceed a certain predefined 
threshold. The ethical considerations are also important when answering the 
question when to balance risks and chances. Again, the deontological approach 
underlying many legal frameworks determines that balancing risks and chances 
between different options is permitted for those options where the risks of each 
option remains below the given threshold. Balancing risks and chances is thus 
not per se prohibited.

Using a threshold to define damage would be an elegant approach as it 
would allow more or less unambiguous decisions what represents unaccept-
able harm. In principle, every indicator value that would exceed the threshold 
would be damage. Unfortunately, thresholds are difficult to apply in practice as 
the legal frameworks regulating the use of genetic engineering in Switzerland 
do not define such thresholds. Without such thresholds, a coherent application 
of the law is, in principle, impossible as regulatory authorities have no clearly 
quantified indications that allow them to ensure the protection of human 
health and the environment. Similarly, applicants (i.e., usually the companies 
that intend to market a GMO) face regulatory uncertainty as they are not able 
to predict the overall costs and the time necessary for product approval. This 
is in contrast to, for example, the regulation of plant protection products which 
provides standard criteria for the evaluation and approval of these products 
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in Annex 6 of the respective ordinance (PSMV, SR 916.161). If such thresh-
olds are missing, it is clearly the responsibility of the regulatory authorities to 
provide applicants with such thresholds as the authorities are responsible for 
the execution of the law. 

Based on these theoretical considerations, the difficult question to answer 
from an ecological point of view is how to define such thresholds. We argue 
that ecological thresholds for regulatory decision-making of GM crops are 
difficult to apply in practice. One of the major factors inhibiting the use of 
ecological thresholds in environmental management is the lack of general 
principles for applying these concepts to different kinds of response variables 
and ecosystems (Groffman et al., 2006). In nature, populations usually fluctuate 
around some trend or stable average and ecosystems are assumed to respond 
smoothly to gradual change in external conditions. Occasionally, however, such 
a scenario is interrupted by an abrupt shift to a dramatically different regime. 
Dramatic regime shifts are known for a range of ecosystems including lakes, 
coral reefs, oceans, forests and arid land (Scheffer et al., 2001; Scheffer and 
Carpenter, 2003). While both theoretical hypotheses and practical examples 
support the existence of discontinuities in ecological processes, it is very diffi-
cult to support such patterns with empirical data as most experimental studies 
are not able to show a clearly discontinuous relationship between stability and 
diversity (Muradian, 2001). Most studies face the difficulty to clearly define the 
characteristics of different alternative stable states, mainly as these are highly 
dependent on the chosen temporal and spatial scales. Hence, each stressor 
and ecosystem response must be evaluated independently, a process that is 
usually not appropriate for regulatory decision-making as it requires years of 
site-specific research. Ecological sciences are currently more able to predict 
the magnitude of change (i.e., the possible alternative state) than the precise 
threshold value (Muradian, 2001). With growing ecological experiences, thresh-
olds for certain ecological groups may become available. Nevertheless, one has 
to recognize that for most ecological indicators, fully operational thresholds 
will probably rarely be available. This inevitably challenges policy-makers as 
they cannot precisely rely on defined ecological thresholds that would facili-
tate decision-making processes. If thresholds are missing, damage should be 
defined by using a baseline approach (see sections 7 and 8). In principle, the 
baseline approach should allow one to determine when a change has to be 
regarded a damage as the definition of damage is not depending on a precise 
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threshold, but on the comparison of two different states. The first state (i.e., 
the status quo) is thereby indicating how things usually are. Damage occurs if 
the difference between the status quo and the second state is judged to be too 
sufficiently large to be adverse.
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7 a fIRsT BaselINe aPPRoacH – DIffeReNTIaTING effecTs 
 of DIffeReNT PesT MaNaGeMeNT PRacTIces IN MaIZe

7.1 The challenge of selecting an appropriate baseline

The discussions during the first expert workshop showed that baselines were 
recognized as being a crucial point of any decision-making process as they serve 
as a reference to determine what makes a change a damage. Moreover, the base-
line approach seems to be the only practicable way of evaluating damage as the 
threshold approach appears to have serious limitations that impede its practical 
use in regulatory decision-making (see section 6.3).

Most people consider having an intuitive notion of the term “baseline.” 
However, looking at existing definitions in different texts, it becomes apparent 
that these definitions are anything but uniform. As a basic definition, a baseline 
can be defined as “an initial set of critical observations or data used for compar-
ison or a control” (Merriam-Webster Online, 2011). The EU Directive 2004/35/EC 
on environmental liability defines the term as “a reference to assess the signifi-
cance of any damage that has adverse effects on reaching or maintaining the favo-
rable conservation status of protected habitats or species. The significance has 
to be assessed by reference to the conservation status at the time of the damage, 
the services provided by the amenities they produce and their capacity for natural 
regeneration. Significant adverse changes to the baseline condition should be deter-
mined by means of measurable data” (European Commission, 2004). More specifi-
cally, referring to the assessment of GMOs, the European Food Safety Authority 
defines the term baseline as “the current status quo, e.g., current conventional 
cropping or historical agricultural or environmental data. The baseline serves as a 
point of reference against which any effects arising from the placing on the market 
of a GMO can be compared” (EFSA, 2006).

Due to the vague definitions of the term “baseline,” the use of the baseline 
concept as a decision support tool remains ambiguous necessitating a more 
precise characterization. A common point pertinent to all definitions is the term 
“comparison” – semantically decisions should therefore theoretically always be 
taken relative to a comparator. Ultimately, the question as to what represents 
environmental damage is nevertheless a legal problem. Legally, the baseline for 
any evaluation of damage from GMOs should be set by what is already regarded 
representing damage today. This implies that potential damage resulting from 
GMOs should be evaluated according to the same criteria as any damage 
that might occur from other technologies, for example, chemical pesticides.19 

19 Provided that there is a legal framework regulating the technology (e.g., pesticides).  
The approach is not valid for techniques that are not regulated such as the use of 
mowing or tillage machinery.
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The implicit baseline for the evaluation of impacts of GM crops on biodiver-
sity corresponds thus to current agricultural management practices where the 
impact of the GM cropping system are evaluated against the impacts caused by 
the cropping practices that are replaced. This leads to the question how impacts 
of different agricultural management practice could be compared to determine 
whether the impacts of the GM cropping system are lower, equal or higher than 
those of current practices. A direct comparison is difficult as these impacts vary 
depending on a number of different factors. A simple, easily applicable generic 
comparison of the GM cropping practice with the most common current pest 
management practice is almost impossible and beyond the scope of this report. 
Comparative impact assessments can thus only be performed on a case-by-case 
basis where the nature of the crop, specific aspects of the pest management prac-
tices applied and the receiving environment are considered. Different regulatory 
frameworks are moreover used as a basis to evaluate the effects of different pest 
management practices, which makes it almost impossible to directly compare 
the effects of a GM cropping system to its conventional non-GM counterpart. 
Nevertheless, an important point to consider in each comparison refers to the 
fact that all regulatory frameworks differentiate between “intended” effects of 
the cropping practice applied and “unintended” effects that are to be minimized. 
Such a differentiation should allow outlining a generic scheme that permits to 
evaluate whether the effects of different pest management practices are to be 
regarded as intended effects (which are regarded acceptable) and unintended 
effects that could represent environmental damage. This differentiation will in 
the following be used to establish an approach that can help to differentiate 
between these two types of effects (see section 7.3).

7.2 case study 1: effects of Bt-maize on nontarget arthropods

The impacts of genetically modified Bt-maize on arthropod biodiversity in 
comparison to current pest management practices used for European Corn Borer 
management in maize in central and western Europe are taken as an example 
to show how it is necessary to differentiate between different types of effects 
when evaluating environmental damage. Current crop protection practices 
considered include two current (non-GM) practices (insecticides and biological 
control using Trichogramma). Given that both Bt-maize and current pest control 
practices display insec ticidal properties, this case study will concentrate on the 
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question as to whether arthropods other than the pest(s) targeted by the toxin 
are harmed. Other concerns that are brought up regarding environmental risks 
of GM crop cultivation such as impacts on farmland biodiversity due to changes 
in the agricultural practice associated with the adoption of GM crops (e.g., soil 
tillage, cropping intervals, or cultivation area) will not be covered by the present 
case study as these concerns are not pertinent in the case of Bt-maize.20 Simi-
larly, concerns such as gene flow and invasiveness are negligible as there are no 
cross-compatible wild relatives of maize in Europe and shed maize kernels and 
seedlings do not survive winter cold in Central and Western Europe. 

7.2.1 Background information on european corn Borer management in maize

7.2.1.1 Damage in maize by the European Corn Borer

An important group of insect pests in maize are lepidopteran stem borers such 
as the European Corn Borer (ECB, Ostrinia nubilalis). The ECB is considered a 
widespread maize pest in most maize growing regions in Central and Western 
Europe. In the main cultivation areas in Europe affected by ECB, the pest is the 
most important maize pest, causing yield losses of 5–30% if no pest control is 
applied. Damage caused by ECB usually varies highly among regions and years. 

7.2.1.2 Current European Corn Borer control practices in Europe

Most maize growers in Europe rely on conventional crop protection practices 
to manage the ECB, including cultural, biological or chemical (insecticidal) 
methods. However, apart from sweet maize, where insecticides are commonly 
used against the ECB, only a small percentage of the maize crop area (approx. 
5–20%) is sprayed with insecticides. This is mainly due to technical difficulties 
of spraying and problems in assessing the correct time of spraying. Insecticide 
use in maize is therefore largely restricted to the control of soil pests such as 
wireworms (and cutworms) via seed coating and granules. In areas where the 
ECB is controlled by insecticides, most often Pyrethroids are used (active ingre-
dients: (Alpha)-Cypermethrin, Deltamethrin or Lambda-Cyhalothrin), although 
the use of more selective insecticides such as Indoxacarb or Diflubenzuron is 
increasing. Although decreasing in recent years, some European regions still 
use older broad-spectrum insecticides such as Organophosphates (active ingre-
dient, e.g., Chlorpyrifos), which were already on the market in the 1960s. The 
maize area where the ECB is controlled using biological control by the parasitic 
wasp Trichogramma brassicae amounts in Western Europe to 140,000 hectares, 

20 Points to consider for changes in agricultural management practice will be discussed 
in the second case study on noninsecticidal GM crops (see section 8).
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which is still relatively small (approx. 4 – 5%) compared to the total area (3.3 
million hectares) where ECB damage is regularly above the economic injury 
level in the European Union (EU-27). In addition, farming practices are used 
to help manage insect pests by physically destroying pests essentially through 
stalk destruction in the Fall and ploughing of maize stubbles prior to planting. 

7.2.1.3 European Corn Borer control using Bt-maize

Bt-maize is genetically modified maize that carries a gene from the soil bacte-
rium Bacillus thuringiensis (Bt). The different strains of B. thuringiensis contain 
varying combinations of Cryproteins (so called Bt-toxins) and each of these insec-
ticidal proteins is known to have a very selective toxicity against different groups 
of arthropods (Höfte and Whiteley, 1989; Schnepf et al., 1998; de Maagd et al., 2001). 
Bt Cry proteins are currently the only insecticidal proteins that are commercially 
used in GM crops. The gene inserted into Bt-maize expresses the insecticidal 
protein Cry1Ab that confers resistance to Lepidoptera (moths and butterflies). 
It was initially developed to control the ECB, but has shown to be also effective 
against various other lepidopteran pests, such as the Mediterranean Corn Borer 
(Sesamia nonagrioides), which is restricted to the southern parts of Europe. 

7.2.1.4 Environmental hazards associated with insecticides

Broad-spectrum insecticides usually have moderate to highly toxic effects on a 
wide range of organisms (European Union, 2009a). Environmental impacts of 
insecticides strongly vary depending on the product applied, its active substance, 
the application rate, the formulation and the application technique. For the present 
case study, two active substances were selected that are used for ECB management 
in maize in Europe. The first active substance (Lambda-Cyhalothrin; a pyrethroid) 
is an older broad-spectrum insecticide that is still widely used, while the second is 
a more selective insecticide (Indoxacarb; an oxadioazine). Acute toxicity data for 
the two active substances Lambda-Cyhalothrin and Indoxacarb are taken from 
review reports from the EU Pesticides database (European Union, 2009a) and from 
Pesticide factsheets of the U.S. Environmental Protection Agency (EPA, 2009),

Pollinator, beneficial arthropods, and butterflies: Broad-spectrum insecticides 
such as Lambda-Cyhalothrin are highly toxic to a wide range of invertebrates 
including honey bees. A repeatedly observed effect of many broad-spectrum 
insecticides is the promotion of secondary pest outbreaks. These generally 
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occur when insecticide applications kill natural enemies that were controlling 
a herbivore species that was not a pest before. These species can then increase 
to densities that cause damage. The new classes of more selective insecticides 
such as Indoxacarb have several advantages over the older broad-spectrum 
insecticides. Most are less likely to harm natural enemies and other nontarget 
species. Indoxacarb, for example, is very effective against lepidopteran larvae, 
but allows most predators and immature parasitic wasp attacking these larvae 
to survive. Indoxacarb is also practically nontoxic to bees. Insecticides generally 
tend to have immediate, but predominantly short-term (2–3 months) effects on 
nontarget arthropods, as affected population may be able to recover due to the 
recruitment of new individuals from unaffected populations.

7.2.1.5 Environmental hazards associated with biological control 

using Trichogramma

The egg parasitoid Trichogramma brassicae is the only invertebrate used in 
augmentative biological control in maize (Bigler et al., 2010). Two ecological 
concerns are discussed related to the use of this exotic species in biological 
control programs in Europe. The first concern relates to the establishment of  
T. brassicae under fields conditions following its dispersal into nontarget habitats. 
Because of their broad host range, the second concern relates to the question is 
whether mass releases of T. brassicae may have ecologically significant direct and / 
or indirect effects on nontarget arthropods. Given that T. brassicae can success-
fully overwinter in diapause under Swiss climatic conditions, one can assume that 
the species would establish in most regions of Europe if nontarget hosts are avail-
able. T. brassicae density increases during mass releases, but drops to prerelease 
densities 2–3 weeks after the last release, indicating that only a small fraction (less 
than 10%) of the released population disperses out of maize fields to nontarget 
habitats. Permanent establishment occurs only in limited areas of seminatural and 
natural habitats making effects on native Trichogramma populations unlikely. As 
T. brassicae has a clear host plant and habitat preference, the parasitoid does not 
successfully attack arthropod host eggs on other plants than maize. The effect on 
lepidoptera and aphid predators under semifield and field conditions is thus very 
low. Short-term mortality caused by T. brassicae in off-crop habitats is likely, but 
has a negligible to low population and community effect, as the magnitude is likely 
to remain below a 40% reduction in the size of nontarget lepdoptera populations. 
Quantitative effects will moreover be temporary and of transient nature. 
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7.2.1.6 Environmental hazards associated with Bt-maize

Given the insecticidal properties of the Cry1Ab toxin, most concerns relate to 
the question as to whether Bt-maize harms organisms other than the pest(s) 
targeted by the toxin. As of May 2009, 89 original research articles have been 
published addressing effects of Bt-maize (or the purified toxin) on different 
groups of organisms both in the laboratory and in the field (Naranjo, 2009). Most 
published studies have been performed by public research after the approval 
of the respective Bt-maize events in 1996. In addition, studies performed by the 
applicants (i.e., the company marketing the crop) have been conducted prior 
to the market approval of Bt-maize (EPA, 2001; Mendelsohn et al., 2003; OECD, 
2007). Data for the Bt-toxin Cry1Ab are taken from the U.S. EPA Biopesticides 
registration action document on Bacillus thuringiensis plant-incorporated 
protectants (EPA, 2001).

Pollinators: Honey bees are the most important pollinators of many agricultural 
crops worldwide. Because of their importance to agriculture, they have been a 
key test species used in environmental safety assessments of Bt-maize. These 
assessments have involved comparisons of honey bee larval and adult survival 
on purified Cry proteins or pollen collected from Bt-maize versus survival on 
non-Bt-maize material. A recent meta-analysis combining the results of 39 
studies assessing different Cry proteins found no statistically significant effect 
of Bt Cry protein treatments on survival of honey bees.

Beneficial arthropods: Another important group of nontarget organisms 
providing ecological and economic services within agricultural systems are 
parasitoids and predators (so-called natural enemies). One hypothesis is that 
Bt-maize could alter the biological control functions of beneficial arthro-
pods, which are important for controlling herbivorous insect populations in 
maize. Nontarget organisms have to ingest the insecticidal protein expressed 
in Bt-maize in order to be directly affected. Ingestion can occur via several 
ways of exposures. Exposure can either occur by feeding on plant mate-
rial (e.g., leaves, pollen), by feeding on insects that have previously fed on  
GM crops (and therefore contain the toxin) or via exposure through the envi-
ronment, e.g., when toxins from plant residues persist in the soil. In order to be 
affected by the toxin, natural enemies would moreover need to be sensitive to 
Cry1Ab. Overall, several meta-analyses have shown that the majority of studies 

A FIRST BASELINE APPROACH 85

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



86

conducted in the laboratory and in the field show no adverse effects on nontarget 
organisms resulting from direct toxicity of the expressed Bt-toxins (Wolfenbarger 
et al., 2008; Naranjo, 2009). Some laboratory studies revealed indirect prey-quality 
mediated effects due to Bt-maize. Under field conditions, these secondary trophic 
effects may be caused by changes in the availability and / or the quality of target 
herbivores with specialist natural enemies (often parasitoids) depending entirely 
on the target pest (i.e., the ECB). Such effects are common for any pest control 
method; they are of minor concern within an environmental risk assessment 
context and they should be differentiated from direct effects of a toxin. The weight 
of considerable data available from field studies gives evidence that Bt-maize has 
no ecologically relevant effects on a number of taxa, especially in comparison 
with alternative pest control measures such as broad-spectrum insecticides. The 
results confirm the high specificity of Cry1Ab having a very narrow range of 
activity restricted to the target pest and closely related species. Biodiversity is 
thus higher in Bt-maize fields in comparison to maize fields treated with tradi-
tional insecticides having a broader range of activity.

Butterflies: A particular focus was laid on butterflies as Cry1Ab confers resist-
ance to Lepidoptera and as butterflies are considered to be a species group with 
a high aesthetic value serving as symbols for conservation awareness. Butterfly 
larvae can be exposed to Cry1Ab in the vicinity of Bt-maize fields (up to approx-
imately 2 meters from the border) when feeding on host plant leaves naturally 
dusted with maize pollen during anthesis (flowering). Especially the case of the 
Monarch butterfly (Danaus plexippus) caused much public interest and led to a 
debate over the risks of Bt-maize as one study had found that when pollen from 
a commercial variety of Bt-maize (event Bt11) was spread on milkweed leaves in 
the laboratory and fed to monarch butterfly larvae, after four days almost half of 
the tested larvae died (Losey et al., 1999). Extensive follow-up studies showed 
that initial reports of toxicity of high doses of Cry1Ab toxin to butterflies in the 
laboratory did not necessarily mean that there would be exposure to toxic levels 
in the field (Sears et al., 2001; Dively et al., 2004). The proportion of Monarch 
butterfly population exposed to Bt-pollen in the field was estimated to be less 
than 0.8%. Although similarly detailed data is not available for Europe, the data 
available provide confidence that commercial cultivation of currently avail-
able Bt-maize varieties constitutes a low risk for European butterfly species.  
This conclusion is based on the assumption that larval exposure to Cry1Ab is 
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relatively low for European butterfly species considering the low expression 
level of the toxin in pollen of the only approved Bt-maize event MON810, the 
fact that most pollen is deposited within a few meters from the field border, and 
that maize is not considered a host plant for nontarget butterflies. 

7.3 approach to differentiate effects of various pest management practices  

 on nontarget arthropods 

The flow chart presented in Figure 3 proposes an approach as to how the effects 
of different pest management practices on the arthropod fauna can be differen-
tiated and compared. Effects are thereby considered within the whole system 
“agricultural landscape”21 and cover both biodiversity conservation (species and 
habitat diversity) and functional biodiversity (i.e., ecosystem services) issues. The 
first part of the flow chart relates to crop protection and has to be answered based 
on the spectrum of activity of the respective crop protection method applied. 
Therein, the first two questions help to differentiate between intended effects 
on target pests and other (potential) pests and unintended effects on nontarget 
arthropods that may represent environmental damage. The second part of the 
flow chart (Questions 3 to 11) has to be answered based on the species groups 
potentially affected. Biodiversity entities potentially affected are determined 
based on the Swiss environmental protection goals related to agriculture where 
biodiversity is classified into three main aspects: species and habitat diversity, 
genetic diversity within species and functional biodiversity (see section 4.2.3). 
Genetic diversity is thereby regarded as an important part of functional diversity 
as it is crucial to a species’ ability to adapt to its environment. 

7.3.1 crop protection

Existing regulatory frameworks acknowledge the fact that agricultural manage-
ment involves crop protection and that these practices inevitably comprise certain 
environmental impacts. The regulation aims at ensuring that occurring impacts 
are restricted to target pests, while possibly excluding unintended effects on 
nontarget organisms. Three types of effects can be differentiated when comparing 
the effects of different crop protection practices: (1) intended effects on pests, (2) 
inevitable trophic effects due to the absence of these pests and (3) unintended 
effects on the arthropod fauna in agricultural crops and the wider landscape.

21 Realistically, adverse effects on arthropods occur with a higher probability in crop fields 
rather than outside the crop or on a landscape scale. This is basically because the exposure 
of nontarget arthropods to the stressor (e.g., the insecticidal protein) is highest in crop fields. 
Whether effects occurring in the crop translate to the landscape scale is depending on  
a number of factors such as the magnitude of effects and the type of species affected.
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Figure 3: Flow chart to differentiate effects 

of different pest management practices on 

nontarget arthropods. The approach helps 

to differentiate between intended effects on 

target pests and other (potential) pests due 

to the crop protection method applied and 

unintended effects on nontarget arthropods 

that may represent environmental damage.
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Potential environmental 
damage on ecosystem 
service

No concern as effect 
can be mitigated by 
risk management

  
  No
 
  No

Possibility of
 mitigating effect

Resilience  
    possible?

Relevant effect on  
 ecosystem service?

  
  No

No concern as effect is 
likely to be temporary

No concern as 
ecosystem service is not 
significantly affected

Consider  
magnitude  
of effect

  
  No

  
  No

Yes 

 
  No

Key species 
 group for ecosystem

service?

No concern as 
ecosystem service is 
likely to be stable

Yes 

Yes 

Yes 

Intended effect  (or posi-
tive side effect) of the  
toxic compound applied

Trophic effect due to 
the absence of pest(s)

No concern as effect is 
due to the crop protec-
tion method applied

No concern as effect 
is  an inevitable conse-
quence of crop protection

                             Application of a specific crop protection method to control insect pests

                                                         Ecosystem services   
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Question 1: Effect on other organisms than target pests?

The first question aims at determining whether there are effects on other organ-
isms than the target pest. This acknowledges that all effects that are directly 
associated to target pests are clearly of no concern as they are the primary aim 
of any crop protection method applied22 (Question 1 in Figure 3). Some pest 
management practices may also be effective against (potential) pest organisms 
other than the pests specifically targeted by the toxin. One can argue that these 
effects are also of no concern as they relate to organism groups that are regarded 
being secondary or minor pests. Their partial control is often regarded as a posi-
tive side effect of the pest management applied as these species are generally 
not regarded as representing a particular value.

Question 2: Effect caused by the environmental stressor?

The second question evaluates whether the effect is directly caused by the envi-
ronmental stressor (i.e., the insecticidal compound / protein or parasitation by  
T. brassicae) or whether it is a trophic effect due to the absence of pests. Trophic 
effects that are related to the absence or to a reduced (nutritional) quality of 
target pests or hosts are an inevitable consequence of all crop protection methods 
applied (OECD, 1993; EFSA, 2006; Romeis et al., 2008a). Such effects are of no 
particular concern as organisms that are primarily depending on target pests 
as a food source (predators) or as a host (parasitoids) are inevitably reduced 
in their abundance if target pests are absent or of reduced (nutritional) quality 
(Question 2 in Figure 3). In the case of Bt-maize, for example, certain parasi-
toids such as Macrocentrus grandii may be totally absent in the crop as they are 
entirely relying on the target pest (i.e., the ECB larvae) for their development23  
(Romeis et al., 2006; Wolfenbarger et al., 2008). 

All effects that are not directly linked to target and potential pests can be 
viewed to represent unintended effects. To decide whether these unintended 
effects represent environmental damage, it has to be determined which environ-
mental entities are of value to the society (Raybould, 2007). The matrix enabling an 
operational definition of protection goals thereby defines what entities are to be 
regarded as nontarget organisms by assigning value to those entities that deserve 
protection based on the legal framework (see section 5). As a next step, one has to 
evaluate whether the unintended effects relate to a biodiversity conservation 
issue (Questions 3 – 7 in Figure 3) (see section 7.3.2) or to an ecosystem service 
(Questions 8 – 11 in Figure 3) (see section 10.1.1). 

22 Reductions in target pest populations are to a certain extent mitigated as plant  
 protection methods usually never kill 100% of the individuals.   
23 Insect-resistant GM crops have to be cultivated with a certain percentage  
 of nontransgenic refugia to prevent resistance development in target insects.  
 These refugia allow specific natural enemies to survive and propagate.
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24 International Union for Conservation of Nature and Natural Resources

7.3.2 Biodiversity conservation

Question 3: Does the species have a protection status?

The first question to be answered when determining whether effects on 
arthropods are affecting biodiversity conservation is whether these effects 
are related to species having a particular protection status (Question 4 in 
Figure 3). Three categories of species have a particular legal protection status 
in Switzerland: (a) the IUCN24 Red List of threatened species being the most 
comprehensive resource detailing the global conservation status of plants and 
animals (Rodrigues et al., 2006), (b) species threatened on a national level and 
(c) species characteristic for a specific habitat and / or region. Red Lists are a 
legally binding instrument of biodiversity conservation assigning these species 
an absolute protection status (NHV, SR 451.1). The two latter categories of 
species are related to the overall environmental policy goal in Switzerland to 
preserve and promote domestic species and their respective habitats (Duelli, 
1994; Bafu/BLW, 2008). 

Groups of Red List species that are assigned with a specific protection 
status are characterized by the availability of sufficient expert knowledge to 
perform a judgment on their conservation status. For many groups of inverte-
brates, however, detailed data and expert knowledge is often missing and their 
conservation status is not known. Although being of conservation interest, 
some arthropod groups are, for example, not listed in the Red Lists. Regula-
tory decision-making based on Red Lists therefore has limitations for inverte-
brates as decisions can only be made for those taxa that are listed and explicitly 
protected. Ultimately, one has thus to accept that we can only evaluate what is 
perceived to be important by having been listed. 

Question 4: Is the species a charismatic species?

In case an effect is not related to a species having a particular protection status, 
the next question to be answered is whether the effect is associated with a charis-
matic species (Question 5 in Figure 3). Although not having a particular legal 
protection status, a number of specie groups are regarded as being of conservation 
value primarily because of their aesthetic, cultural or other relevant value. For 
the arthropod fauna, these include, for example, a number of butterfly and 
ladybird beetle species that are not explicitly listed as either Red List species 
or species threatened on a national level. 
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25 Zone A – North: Denmark, Estonia, Latvia, Lithuania, Finland, and Sweden  
 Zone B – Center: Belgium, Czech Republic, Germany, Ireland, Luxembourg, Hungary,  
 Netherlands, Austria, Poland, Romania, Slovenia, Slovakia, and United Kingdom  
 Zone C – South: Bulgaria, Greece, Spain, France, Italy, Cyprus, Malta, and Portugal

In case a particular effect is neither related to a species with a protection 
status nor to charismatic species, one can reasonably assume that the species 
affected are judged to be of no particular value. Any effect is thus of minor 
concern for biodiversity conservation and is therefore not regarded as repre-
senting environmental damage. 

7.3.2.1 Consider magnitude of effect

In case a particular effect relates to either species with a protection status or to 
charismatic species, one has to determine the magnitude of the environmental 
impact of the specific pest management practice. The impact of a specific pest 
management practice depends on a number of different influencing factors 
that vary depending on the nature of the environmental stressor (Table 4). 
These factors can only be assessed on a case-by-case basis, taking into account 
the conditions prevalent in a particular receiving environment. Ideally, such 
an assessment would need to estimate all influencing factors. In many cases, 
however, it may not be necessary to assess all factors as the occurrence of an 
effect may become highly unlikely in the absence of certain decisive factors 
(e.g., because the spectrum of activity and the mode of action of the stressor 
exclude a toxic effect on a particular group of valued species). Similarly, it may 
sometimes not be necessary to assess all factors experimentally as meaningful 
estimations can be deduced from existing data or by theoretical considera-
tions. This might be particularly relevant for those cases where it is impossible 
to obtain sufficient individuals for a meaningful experimental assessment, for 
example, in the case of a specific Red List species. Assessments in the case 
of Red List species might nevertheless also be carried out experimentally by 
using appropriate surrogates.

Even for a specific crop such as maize and a pest such as the European 
Corn Borer, an application-based assessment can often only be performed on 
a regional basis as pest management decisions greatly vary among regions in 
Europe (Meissle et al., 2010). Different approaches are possible to define what 
characterizes a region. According to the new regulation on plant protection 
products (European Union, 2009b), for example, the EU is divided into three 
different geographical zones.25 Other approaches define more detailed biogeo-
graphical regions, such as the Natura 2000 network specifying nine regions  
or the SEAMzones approach proposing 12 environmental zones across the  
EU (Hazeu et al., in press). Regulatory authorities demanding for regional 
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assessments nevertheless need to consider that these need to remain practi-
cable as assessments become increasingly impracticable the more regions have 
to be considered.

Question 5: Is there a relevant effect on population level?

A relevant impact on biodiversity conservation is characterized by an explicit 
reduction in population size of a particular species or by a clear reduction of 
its area of distribution (Duelli, 1994). Such an evaluation can of course only 
be performed if the prior abundance and distribution of the species is known. 
Unfortunately, such data is often not available, in particular, for most invertebrate 
groups that count for approximately 98% of all animal species (Duelli, 1994). The 
conservation status of most species having a particular protection status is there-
fore usually deduced from current knowledge on their specific habitat require-
ments. According to the Swiss legal frameworks, the value of a specific habitat 
is judged based on the rareness of the species (potentially) being present in 
this habitat (NHV, SR 451.1). In general, the rarer the species present, the more 
value is given to the habitat from a biodiversity conservation point of view. This 
is based on the rationale that in case of a widespread impairment of a specific 
habitat, one can reasonably assume that the species specifically depending on 
this habitat will be impaired too.

According to the Red List species concept, every loss is principally to be 
regarded as damage as the legal frameworks assign these species a priority 
status. With regard to biodiversity conservation, this would imply a zero tolerance 
towards clear and widespread reductions in population size of Red List species 
(i.e., a reduction of the total number of individuals of that taxon). In practice, 
however, reductions in population size are most often not abrupt, but continuous, 
meaning that a particular species will not go extinct immediately. The IUCN 
works with different Red List categories that describe the conservation status 
of a particular species ranging from extinct (EX) to least concern (LC). Species 
in the categories critically endangered (CR), endangered (EN) and vulner-
able (VU) are denoted as threatened (Table 5) (Gärdenfors, 2001; IUCN, 2001; 
Rodrigues et al., 2006). Instead of immediate extinctions, biodiversity losses are 
therefore evaluated based on transfers between different threatened categories. 
Moving a taxon from a higher to a lower risk category is usually regarded as 
being positive while transfers from categories of lower risk to higher risk indi-
cate biodiversity losses.
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Bt-maize

sTRessoR-RelaTeD

Spectrum of activity and mode of action of the stressor 
produced by the transgenic trait

Susceptibility of organism to the insecticidal protein

Amount of stressor present in the environment based on 
the following factors a–d

Spatial distribution of Bt-maize in the landscape 
(depending on the percentage of maize cultivation in  
a given region and the adoption rate of Bt-maize)

Amount of insecticidal protein expressed in a specific 
plant tissue based on temporal expression levels and 
patterns

Dispersal of the stressor in the environment based on 
pollen distribution patterns, root exudates, crop residues 
(if stressor is expressed in these tissues)

Degradation of the stressor in the environment based on 
environmental fate

Temporal duration of exposure based on timing, dura-
tion and intensity of the stressor being present in the 
environment

PRoTecTIoN Goal-RelaTeD

Number of individuals / proportion of the population 
exposed to the stressor based on the following factors a–c

Occurrence and spatial distribution (regional,  
landscape, habitat) of a valued species or its sensitive 
life stages

Occurrence and spatial distribution of the species’ host 
plants (if applicable)

Amount of plant tissue consumed by organisms in the 
sensitive life stage

Table 4: Factors influencing the 

magnitude of environmental impacts 

of Bt-maize, insecticide applications 

and biological control organisms 

that have to be considered when 

determining whether ecologically 

relevant effects on population level 

of valued species occur (ecological 

relevance is determined based 

on questions 5 – 7 and 9 – 11 in 

Figure 3, respectively) (adapted 

and expanded based on Sears 

et al., 2001). 

8

1

2

3

a

b

c

d

4

5

a

b

c
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Insecticides

Spectrum of activity and mode of action of active ingre-
dient of the insecticide

Susceptibility of organism to the active ingredient

Amount of stressor present in the environment based on

Percentage and spatial distribution of maize fields in 
the landscape where the insecticide is applied 

Amount of insecticide active ingredient present on crops 
and / or host plants (depending on deposition rate)

Dispersal of the insecticide in the environment based 
on formulation, application technique, drift factor and 
vegetation distribution factor

Degradation of the active ingredient in the environment 
based on environmental fate of the active substance 
and formulation

Temporal duration of exposure based on timing,  
duration and application rate of the insecticide

Number of individuals / percentage of the population 
exposed to the stressor based on

Occurrence and spatial distribution (regional,  
landscape, habitat) of a valued species or its  
sensitive life stages

Occurrence and spatial distribution of the species’  
host plants (if applicable)

Amount of stressor ingested or contacted by organisms 
in the sensitive life stages

Biological control agents (Trichogramma)

Host range of T. brassicae

Parasitation rate of T. brassicae

Number of adult parasitoids present in the  
environment based on

Percentage and spatial distribution of maize fields  
in the landscape where T. brassicae is released 

Amount of females of T. brassicae deployed  
in maize fields

Dispersal rate of parasitoids outside of maize fields

Survival of adult parasitoids in the environment

Temporal duration of exposure based on timing,  
duration and number of applications of T. brassicae

Number of individuals / percentage of the population 
exposed to the stressor based on

Occurrence and spatial distribution (regional,  
landscape, habitat) of a valued species or its  
sensitive life stages

Occurrence and spatial distribution of the species’  
host plants (if applicable)

Number of hosts encountered by adult parasitoids
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10

PoPUlaTIoN ReDUcTIoN  
(past, present and / or projected)

Observed reduction that is clearly reversible AND  
understood AND ceased

Observed reduction that may not have ceased OR may not 
be clearly understood OR may not be clearly reversible

Projected or suspected population reduction  
up to a maximum of 100 years

Observed reduction where the time period includes both 
the past and the future 

GeoGRaPHIc RaNGe (either B1 or B2)

Extent of Occurrence (EOO) (see footnote 23)

Area of Occupancy (AOO) (see footnote 24)

and 2 of the following 3

Severely fragmented locations

Continuing decline

Extreme fluctuations

sMall PoPUlaTIoN sIZe aND DeclINe

Number of mature individuals (and either C1 or C2)

Estimated continuing decline up to a maximum of  
100 years

Continuing decline 

(a i) of mature individuals in largest subpopulation

(a ii) or % mature individuals

(b) extreme fluctuations in the number of mature 
individuals

VeRY sMall oR ResTRIcTeD PoPUlaTIoNs

Either Number of individuals

or Restricted AOO

QUaNTITaTIVe aNalYsIs

Probability of extinction in the wild is at least

Table 5: Summary of the five criteria 

(A – E) used to evaluate if a taxon 

belongs to a threatened Red List 

species category (modified based 

on IUCN, 2008). 

9 

A

A1

A2

A3

A4

B

B1

B2

C

C1

C2

D

E
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critically endangered

> 90%

> 80%

> 80%

> 80%

< 100 km2

< 10 km2

= 1

n.a.

n.a.

< 250

25% in 3 years or 1 generation

< 50

90–100%

n.a.

< 50

n.a.

50% in 10 years or 3 generations 
(max. 100 years)

endangered

> 70%

> 50%

> 50%

> 50%

< 5000 km2

< 500 km2

≤ 5

n.a.

n.a.

< 2500

20% in 5 years or 2 generations

< 250

95–100%

n.a.

< 250

n.a.

20% in 20 years or 5 generations 
(max. 100 years)

Vulnerable

> 50%

> 30%

> 30%

> 30%

< 20,000 km2

< 2000 km2

≤ 10

n.a.

n.a.

< 10,000

10% in 10 years or 3 generations

< 1000

100%

n.a.

< 1’000

AOO > 20 km2 or # locations ≤ 5

10% in 100 years
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26 The Extent of Occurrence (EOO) is a parameter that measures the spatial spread  
 of the areas currently occupied by the taxon.  
27 The Area of Occupancy (AOO) is a parameter that represents the area of suitable  
 habitat currently occupied by the taxon.

The IUCN Red List criteria are based on biological indicators showing 
whether populations are threatened with extinction (e.g., rapid population 
decline or very small population size). Five criteria have been defined to deter-
mine whether a taxon belongs to any of the three threatened categories. To list a 
particular taxon in a threatened category, only one of the criteria needs to be met. 
The five criteria are (IUCN, 2001, 2008):
  • The extent of past, present and / or projected population reduction  

measured over the last 10 years or three generations (whichever is longer).
  • The geographic range measured as either the extent of occurrence (EOO)26 

or the area of occupancy (AOO).27 
  • Small population size measured as the number of mature individuals. 
  • Very small population or very restricted distribution (either measured as the 

number of mature individuals or the restricted AOO).
  • Quantitative analysis of extinction risk (e.g., Population Viability Analysis)

The list of criteria is insofar interesting as for each criterion precise quan-
titative thresholds have been defined to support decision-making (Table 5). 
For criterion A, for example, the extent of population reduction that has to be 
observed to categorize a taxon as being threatened ranges from “exceeding 
30%” to “exceeding 90% reduction” depending on the respective category. For 
criterion B, the geographic range of a taxon has to be limited to occurrence on 
less than 100 km2 up to less than 20,000 km2 (for the EOO), or to less than 10 
km2, or less than 2000 km2, respectively for the AOO. Most criteria also include 
subcriteria that are used to justify more specifically the listing of a taxon under 
a particular category. Subcriteria for criteria B and C include, among others, 
either the degree of fragmentation of a taxon, or continuing declines in various 
parameters (such as, the area, extent and quality of habitats, or a continuing 
decline in the number of mature individuals over a certain time period).

In case a particular effect is neither widespread nor of a high magnitude, 
one can reasonably assume that the effect is of no concern for biodiversity 
conservation and that it is therefore not regarded as representing environ-
mental damage. In case there is a relevant effect on biodiversity, the next ques-
tion to ask is whether there is a possibility of mitigating the risk for biodiversity 
loss by certain risk management measures (Question 7 in Figure 3).
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Question 6: Is it possible to tolerate biodiversity losses of species with  

a protection status or of charismatic species?

Rare species in agricultural landscapes are often remains of ancient agricul-
tural practices. Historically, low intensity land management has resulted in a 
rich assemblage of species in agricultural landscapes (Stoate et al., 2009). Over 
centuries, anthropogenic influences shaped the initial woodland prevalent in 
Central and Western Europe into a cultural landscape dominated by rural activi-
ties. Different agricultural management practices divided the landscape into a 
multitude of diverse habitats that allowed a wide variety of species to colonize 
the newly created habitats. This resulted in an increase of biodiversity prior to 
the industrialization of agriculture in the middle of the last century. It has been 
estimated that 50% of all species in Europe depend on agricultural habitats, 
including a number of threatened and endemic species (Stoate et al., 2009). Yet, 
agricultural intensification over the past 60 years has led to significant impacts 
on the environment. The mechanization of agriculture has facilitated degrada-
tion in habitat quality and increasing habitat homogeneity. This led to the elimi-
nation of many landscape elements and habitats that were typical for a number 
of specialized taxa. The species richness and habitat diversity of nearly all farm-
land has furthermore declined due to more intensive field management, that is, 
among others higher pesticide and fertilizer use and the simplification of crop 
rotations (Stoate et al., 2001; Robinson and Sutherland, 2002; Tilman et al., 2002). 
Species present in agricultural landscapes today tend to be habitat generalists. 
One may thus argue that the few rare species occurring in agricultural land-
scapes are particularly valuable as their habitats are predominantly threatened 
from disturbances and habitat loss.

When evaluating widespread biodiversity losses in agricultural landscapes, 
one may ask whether certain reductions in the population size of protected or of 
charismatic species are tolerable. In the following, we will argue that local biodi-
versity losses of protected species may, to a certain extent, be tolerable if popula-
tions of that taxon still occur or may develop in other, undisturbed habitats. The 
argument is related to the dilemma that Red Lists are often used (or even laid 
down in existing legal frameworks) on a national or on a regional level, but were 
initially developed to assess extinction risk of entire populations of species at 
the global level. The use of Red Lists at the national level may thus be misleading 
as a population can be distributed over more than one country, which makes it 
difficult to estimate the extinction risk of the part of the population resident 
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28 Most habitats of endemic species in Switzerland are typically located in areas with 
almost no human impact such as alpine or forest areas.

within the target country (Gärdenfors, 2001). Evaluations of species losses thus 
require considering the scale of reference: according to the Red Lists concept, 
endemic species that are threatened on a global or on a European level, but that 
typically only occur in Switzerland, deserve particular priority as their disap-
pearance would represent an irreversible loss of biodiversity.28 The same is true 
for regional populations that are isolated from conspecific populations outside 
the region (IUCN, 2003). However, when the extinction criteria are applied to 
populations separated by a geopolitical border, or to regional populations where 
individuals move to or from other populations beyond the border, the extinction 
criteria may be inappropriate because the unit being assessed is not the same 
as the whole population or subpopulation. As a result, the estimate of extinc-
tion risk may be inaccurate. A more accurate approach to evaluate species losses 
would be to assess in a first step whether a population is endemic to a country, 
or completely isolated from other populations of the same species. In a second 
step, it should be considered whether the target population is part of a more 
widely distributed population. If this is the case, the Red Lists category should be 
adjusted, that is, usually downgraded, to one that more appropriately reflects the 
long-term extinction risk of the subpopulation (Gärdenfors, 2001). 

Local population reductions may moreover partly be buffered by population 
movements from other habitat patches as according to metapopulation ecology, 
landscapes can be viewed as networks of habitat patches in which species occur 
as discrete local populations connected by migration (Hanski, 1998). Especially 
charismatic species are often not particularly rare species and local reductions in 
population size may be buffered by migration between different metapopulations. 
For rare species, however, recolonization of disturbed habitats may be difficult as a 
particular species may only occur in a few distinct habitats and the habitats may be 
too distant to allow migration of the species between the habitat patches. 

In case the effect cannot be tolerated, the next question to be asked is whether 
there is a possibility of mitigating the biodiversity loss (Question 8 in Figure 3).

Question 7: Is it possible to mitigate the risk for biodiversity losses of species 

with a protection status or of charismatic species?

In case there is a risk for a relevant biodiversity loss, it has to be determined 
whether the risk can be mitigated by specific risk management measures. If the 
risk can be mitigated, it is of no particular concern and can thus not be regarded 
as representing environmental damage. 
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In conclusion, effects on arthropod biodiversity are only to be regarded 
as potential ecological damage in case biodiversity losses are related to either 
species with a protection status or to charismatic species. It is moreover impor-
tant to determine whether the population losses are widespread and of a high 
magnitude and whether certain factors apply that might allow tolerating the risk 
for biodiversity losses (e.g., in case they do not relate to endemic species that are 
particularly characteristic for Switzerland). Finally, damage only occurs if it is 
impossible to mitigate the biodiversity losses. 

7.3.3 ecosystem services

If an effect on arthropod biodiversity is not related to a biodiversity conser-
vation issue, it may be related to an ecosystem service. Ecosystem services 
are those properties of ecosystems (e.g., climate regulation, nutrient cycling, 
pollination, and provision of food and fiber) that either directly or indirectly 
benefit human activities (Hooper et al., 2005; EASAC, 2009). Rationales for the 
protection of biodiversity are often based on the argument that species provide 
these ecological goods and services that are essential for human welfare (see 
section 4.2.3). 

Question 8: May certain species be lost without impairing 

the ecosystem function?

In contrast to biodiversity conservation issues, where the focus of conserva-
tion is clearly laid on specific species to be protected, it is less clearly defined 
how many and which species provide a specific ecosystem service (see section 
4.4.2). One of the most important ecosystem services provided by arthropods in 
agricultural landscapes is the biological control of arthropod pests within crops 
fields (Kruess and Tscharntke, 1994; Wilby and Thomas, 2002; Kremen, 2005; 
Tscharntke et al., 2005). A crucial question when determining what represents 
environmental damage in this context is thus whether certain species may be lost 
without impairing the ecosystem function as the species are redundant (Ques-
tion 9 in Figure 3). This leads to the question as to whether there is a functional 
relationship between species diversity and ecosystem function, that is, whether 
more species generally lead to more stable ecosystem services. Available data 
show that species richness often seems to be not so important for agroecosystem 
function, as even only one or a few species might ensure a particular function 
(Hooper et al., 2005; Moonen and Barberi, 2008; Shennan, 2008)(see section 4.4).  
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There is nevertheless convincing evidence that species-rich systems deliver 
ecosystem services more reliably than species-poor ones. This is because in 
diverse communities, redundancy among species can buffer processes in response 
to changing environmental conditions and species losses. Ecosystem services 
typically do, however, often not depend on the presence of specific species, espe-
cially not rare, narrowly distributed species. They more likely depend on common 
and widespread species than on rare species (Diaz et al., 2006; Maclaurin and 
Sterelny, 2008). From a functional point of view, reductions in population size of 
a redundant species may thus be tolerable and be of no concern if the function 
is fulfilled by other species. In case a species is not redundant, one has to deter-
mine the magnitude and the spatial extent of the impact to evaluate whether its 
loss constitutes environmental damage (Question 10 in Figure 3). 

7.3.3.1 Consider magnitude of effects

The factors to be considered when taking into account the magnitude of effects 
on ecosystem services are principally comparable to those relevant for biodiver-
sity conservation issues (see Table 4) as functions are ultimately also carried our 
by specific species groups. 

Question 9: Is there a relevant effect on an ecosystem service?

Potential ecological damage on ecosystem functions occurs if there is a relevant 
impact on population level of a nonredundant species responsible for a particular 
ecosystem service. This is essentially the case if local reductions in population 
size are not buffered in due time by migration from other populations occurring 
in nearby habitat patches. Changes in ecosystem functions are usually difficult 
to assess as the precise nature of a particular function is often unknown. It is, for 
example, often not known how much a particular species contributes to a specif-
ic function such as biological control of pest species. In contrast to biodiversity 
conservation issues, where population reductions of valued species can normally 
be assessed directly, ecosystem functions usually have to be assessed indirectly. 
By analyzing the general state of ecosystem functions, one obtains a more accu-
rate indication whether functional biodiversity is affected. An indirect survey 
can be performed by recording an indicator able to demonstrate a failure in the 
function. Failures in biological control functions, for example, can be assessed 
more accurately by observing unusual pest outbreaks rather than by monitoring 
specific groups of natural enemies (Sanvido et al., 2009). 
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If there is no relevant effect on population level of a nonredundant species 
responsible for a particular ecosystem service, there is no environmental damage. 
In case there is a relevant effect, it has to be determined whether resilience is 
possible to avoid environmental damage.

Question 10: Is resilience possible?

In case a relevant impairment of an ecosystem function occurs, one has to deter-
mine whether the reduction may be able to recover within a certain period of 
time (Question 11 in Figure 3). Local resilience thereby depends strongly on the 
ability of organisms to recolonize from neighboring habitat patches (i.e., on the 
distance to the nearest suitable habitat and the dispersal capability of the organ-
isms in questions) (Swift et al., 2004). The time period allowed for resilience has 
still to be defined. Definitions could, for example, be based on the standards that 
are applied for plant protection products. For pesticide applications, the poten-
tial for recovery after a toxic effect was observed should possibly occur within 
one year after application (Candolfi et al., 2000; European Commission, 2002). 

Question 11: Is it possible to mitigate the risk for a particular  

ecosystem service?

In case resilience is unlikely to occur within the defined time period, the last step 
when evaluating environmental damage is to determine whether a relevant risk 
for a particular ecosystem function can be mitigated by appropriate risk manage-
ment measures (Question 12 in Figure 3). In case mitigation is possible, the risk is 
of no concern whereas otherwise it has to be regarded as environmental damage. 

7.3.4 open questions resulting from the discussed case study of Bt-maize

The initial question of this section was how impacts of different agricultural 
management practice could be compared to determine a baseline that can 
serve as a comparator. The baseline would ultimately allow regulatory decisions 
whether the impacts of the GM cropping system are lower, equal or higher than 
those of current practices. The analysis showed that it is almost impossible to 
perform a generic, easily applicable comparative impact assessment of different 
pest management practices. Impacts of cropping systems depend on a variety 
of different factors that can only be assessed on a case-by-case basis. A generic 
comparison is moreover complicated by the fact that the impacts of different pest 
management practices are either not regulated or regulated based on different 
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regulatory frameworks. This leads to the somehow irrational situation that the 
same impacts may be judged differently depending on what pest management 
practice caused them. This contradicts the initial assumption that the baseline 
for any evaluation of damage from GM crops is legally set by what is already 
regarded representing damage today. In our opinion, this dilemma is one of the 
most important open question that has to be resolved when discussing what 
baseline has to be considered when evaluating environmental impacts of GM 
crops. As long as pest management practices having similar impacts on the 
environment are regulated differently, it will not be possible to find a reason-
able solution to determine a baseline suitable for regulatory decision-making 
of GM crops. This dilemma is particularly incoherent when considering that the 
use of broad-spectrum insecticides is generally known to have wider environ-
mental impacts than the use of Bt-maize (Romeis et al., 2008b; Wolfenbarger  
et al., 2008; Naranjo, 2009).

The first question that arises from the present case study is whether the 
risks of the different pest management practices for biodiversity should be 
evaluated based on their specific impacts on single groups of species or based 
on an overall sum of impacts. A comparison based on the overall sum of impacts 
on biodiversity might actually be useful in practice to allow decision-makers 
comparing the ecological footprint of different agricultural management prac-
tices, but current legislation does often not allow decisions based on averaged 
risk. Regulatory decisions are usually based on absolute risks, meaning that if 
a technology is harmful it will not get approval because another technology is 
more harmful. Similarly, risks are not averaged – a technology does not obtain 
approval just because there is no risk for certain groups of organism if there is 
a high risk for other groups of organisms. The case study is thus probably more 
relevant for a comparison of the ecological impacts of different crop protec-
tion methods on a particular group of organisms than for a comparison of the 
overall risks.

Second, the question arises as to what agricultural management practice 
is to be considered as a comparator when performing such an evaluation for 
Bt-maize. One could argue that a “no treatment” scenario would be an appro-
priate baseline considering that only a small percentage (approx. 5 – 20%) of 
the maize area in Europe is sprayed with insecticides against the ECB and 5% 
is treated with Trichogramma (see section 7.2.1). However, this argument is in 
our opinion not a logical rationale supporting a “no treatment” scenario as a 
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realistic baseline since the fact that approximately 75% of the maize area is not 
treated against the ECB is primarily an economic decision taken by farmers. 
This decision is often due to ECB damage remaining below the economic injury 
level and technical difficulties to apply insecticides in tall maize. This results 
in a lack of profitability of the control methods available. Since farmers would 
have the option to use approved insecticides or Trichogramma, these should 
also be used as a comparator for a current management practice.
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8 a secoND BaselINe aPPRoacH – DIffeReNTIaTING effecTs  
 of DIffeReNT WeeD MaNaGeMeNT PRacTIces IN MaIZe

8.1 Differences to the case study with Bt-maize

The aim of the second case study is to determine the bases and criteria for 
regulatory decisions in the case of noninsecticidal GM crops. The main ques-
tion is: what differentiates regulatory decisions for noninsecticidal plants from 
those for insecticidal plants such as Bt-maize? In contrast to Bt-maize, where 
direct effects as a result of the toxicity of the insecticidal compound are a main 
point to consider, the assessment of the toxicology of the genetic modification is 
not the primary concern for noninsecticidal GM crops. Rather than expressing 
a specific toxin in the crop, the genetic modification allows cultivating the crop 
under a different agricultural management, which may lead to indirect impacts 
on farmland biodiversity. In the following, genetically modified herbicide 
tolerant (GMHT) maize is taken as an example for a GM crop where the main 
focus is to determine the consequences of changes in agricultural management 
practice. As in case study 1, the environmental impacts of current agricultural 
management are the basis for regulatory decisions on GHMT maize. Here, this 
includes comparing the environmental impacts of current weed management 
practices in maize with those caused by weed management practices associated 
with GMHT maize.

8.2 case study 2: effects of GMHT maize on farmland biodiversity

8.2.1. environmental impacts of different weed management practices in maize

Damage in maize by weeds

Weeds are the most important pest group in maize in temperate climates where 
the potential loss without crop protection due to weeds is estimated to be higher 
than the sum of potential losses due to animal pests, pathogens and viruses 
(Oerke, 2006). Mainly due to low competitiveness of young maize seedlings, 
actual losses to weeds (despite weed control) average 5% in Western Europe. 
Without weed control, estimated losses might average up to 40%.

8.2.1.1 Current weed management practices in maize in Europe

All weed management practices in every cropping system aim at obtaining, 
as far as possible, a weed-free field during the critical growth stage. As this 
is often difficult to achieve, farmers aim at keeping weeds below a certain 
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economically acceptable threshold level. Weed control in maize is always 
necessary in temperate climates during the critical growth stage. Since maize 
develops slowly after seeding in comparison to native weeds, the crop has 
to be protected from weed competition between the 2- and 8-leaf stages to 
prevent yield losses (Ammon, 1993; Häni et al., 2006; Dewar, 2009). Weeds may 
be controlled by mechanical weeding and / or by the use of synthetic herbicides. 
Weed control in conventional maize cultivation typically includes tillage prior 
to sowing and usually up to two pre- and post-emergence herbicide treatments. 
In Switzerland, for example, approximately 85% of the conventional maize area 
is ploughed prior to sowing, while only 15% are cultivated using conservation 
tillage practices (Häni et al., 2006).

8.2.1.2 Hazards of current weed management practices in maize

Conventional weed management practices in maize are usually based on using 
an herbicide mix containing a combination of three to four active ingredients 
(Devos et al., 2008; Dewar, 2009). This allows farmers to establish locally adapted 
herbicide regimes that consider the weed species present, as well as soil type 
and conditions. 

Direct toxic effects of herbicides
Although there have been herbicides that were toxic to humans and dangerous 
to handle for farmers, most of these products are no longer used in Euro-
pean agriculture and they have been replaced by newer products. Many newer 
herbicides used in conventional maize possess little or no direct toxicity to 
mammals, birds, earthworms, bees and beneficial arthropods as herbicides 
target highly specific biological or biochemical processes within plants. Some 
of the herbicides used in conventional cropping systems may show direct toxic 
effects on aquatic organism. 

Indirect effects of herbicides
The intensive use of herbicides may promote a number of indirect environmental 
effects such as the development of resistances in weeds, the enhancement of soil 
erosion and the contamination of surface water. These concerns are however 
independent from the use of either conventionally bred or GMHT varieties, but 
a result of the herbicide regime applied.
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Impacts of tillage on soil
Most farmers use tillage (ploughing) to prepare the soil for planting. Excessive 
tillage, however, is known to cause soil structure changes, increase the suscep-
tibility to soil erosion and reduce soil moisture. Loss of top soil due to tillage 
may cause environmental degradation that can last for centuries. Ploughing is 
also known to be the most destructive cultivation method affecting invertebrate 
populations through physical destruction, desiccation, depletion of food and 
increased exposure to predators (Stoate et al., 2001).

8.2.1.3 Weed management using GM herbicide-tolerant maize

Genetically modified herbicide-tolerant (GMHT) crops permit the use of broad 
spectrum herbicides such as glyphosate (Roundup Ready®) or glufosinate-
ammonium (Liberty®) at the postemergence phase. Growing GMHT crops 
allows growers to use one broad-spectrum herbicide controlling a wide range 
of both broadleaf and grass weeds instead of several herbicides. GMHT maize 
is presently primarily cultivated in the United States. Up to a few years ago, 
GMHT maize varieties only accounted for about 10 – 20% of the U.S. maize 
acreage mainly because GMHT varieties were not available in many of the 
most popular hybrid varieties and as these varieties were not approved for 
import into Europe (Gianessi, 2005). Slower adoption of GMHT maize may also 
have been due to the fact that many farmers are able to control weeds in maize 
by conventional weed management at moderate costs. Farmers using GMHT 
maize varieties generally have difficult-to-control weed problems that require 
more costly programs, especially as conventional herbicide regimes may not 
always provide consistent season-long control. With the increasing adoption 
of stacked GM maize varieties in the U.S., the use of GMHT in combination 
with insect-resistance is growing. In the European Union, GMHT maize is 
currently not approved for commercial cultivation, but several applications 
are pending. Several GMHT maize events are approved for importation into 
the EU as food and feed.

A similar herbicide regime as with GMHT maize can be applied when using 
Clearfield® maize varieties that are tolerant to the broad-spectrum herbicide 
imidazolinone. Given that these varieties have been developed by traditional 
breeding, the use of these varieties is however not specifically regulated as for 
GM crops.
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8.2.1.4 Concerns associated with GMHT maize

The use of broad-spectrum herbicides along with the cultivation of GMHT crops 
raises three main concerns:

Potential shifts of weed populations resulting in impacts on farmland 
biodiversity
Broad-spectrum herbicides allow a more efficient control of a very wide spec-
trum of weeds. This could lead to a decline in the long-term persistence of 
arable weed seeds in the soil. Invertebrates, small mammals and seed-eating 
birds might thus be threatened by reduced food resources. Whether any such 
trend becomes apparent depends upon the management of all crops in a given 
crop rotation. Although herbicide management may have an impact on arable 
biodiversity, crop type and sowing season have a far greater impact on the func-
tional composition of plant and invertebrate communities in arable systems 
(Hawes et al., 2003). 

Selection of resistant weeds by intensive herbicide applications
Rotating GMHT crops resistant to herbicides having the same mode of action 
and / or applying glyphosate or glufosinate-ammonium at multiple occasions 
during the growing season highly intensifies the selection pressure on weeds 
and favors resistance development. However, numerous weed species have 
evolved resistance to a number of herbicides long before the introduction of 
GMHT crops. The experiences available from regions growing GMHT crops 
on a large-scale confirm that the development of herbicide resistances in 
weeds is not a question of genetic modification, but of the crop- and herbicide 
management applied by farmers. 

Increased herbicide use
There are many criticisms arguing that the adoption of GMHT crops would 
generally lead to an increased use of herbicides. Studies can be found to 
support this view (Benbrook, 2001, 2003), but there appear to be more studies 
supporting a small, but statistically significant reduction in herbicide use as 
a result of the adoption of GMHT crops (Carpenter et al., 2002; Fernandez-
Cornejo and McBride, 2002; Brimner et al., 2005; NRC, 2010). Because the 
reduction varies between crops and regions, it is however difficult to draw a 
general conclusion. 
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8.2.1.5 Uncertainties related to the environmental impacts of GMHT maize

As no GMHT maize has been approved for commercial cultivation in the EU, 
there are currently theoretical experiences on how weed management in 
Europe would change under real agricultural conditions (Devos et al., 2008; 
Dewar, 2009). Environmental impacts due to crop management changes are 
usually difficult to assess because they are often caused by many interacting 
factors and do only show up after an extended period of time. Considering 
the widespread effects modern agricultural systems had in the last decades, 
changes in management practices are probably among the most influential 
factors that could lead to biodiversity changes. It is, however, crucial to bear 
in mind that management changes are not limited to the adoption of GMHT 
crops. They do occur in any (non-GM) crop management strategy, and could 
also be caused by the adoption of new pesticides, cultivation techniques or 
crop varieties. 

8.2.1.6 Potential environmental chances of growing herbicide-tolerant crops

Mitigation of negative environmental impacts of soil tillage
The negative environmental impacts caused by tillage operations can be miti-
gated by the application of conservation tillage. GMHT varieties facilitate 
farmers to adopt conservation tillage practices (Dewar, 2009; NRC, 2010). Since 
weed control can be done during the postemergence phase, there is no need 
for pre-seeding tillage and direct-seeding techniques can be applied. These 
conservation tillage practices leave a layer of plant residues on the soil sur-
face, preventing soil erosion, reducing evaporation and increasing the ability 
of the soil to absorb moisture. A richer soil biota develops that can improve 
nutrient recycling. Earthworm populations are generally higher in no-till fields 
than in ploughed fields. There is also evidence that conservation tillage can 
provide a wide range of chances to farmland biodiversity by improving agri-
cultural land as habitat for wildlife (Holland, 2004). The greater availability of 
crop residues and weed seeds can improve food supplies for insects, birds, and 
small mammals. In addition to a reduction in soil erosion and degradation, less 
frequent soil cultivation also results in a decrease in the emission of green-
house gases, partly arising from a reduction in fuel use (Brookes and Barfoot, 
2005; Burney and Lobell, 2010).
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Lower toxicity of the herbicides used with herbicide-tolerant crops
Although new herbicides show a relatively low toxicity, glyphosate and glufosi-
nate ammonium are less toxic to human health and the environment compared 
to the replaced herbicides. In addition, they do not move readily to ground water, 
resulting in fewer losses of chemicals by leaching and run-off from the field (Duke, 
2005; Fernandez-Cornejo and Caswell, 2006; Devos et al., 2008; Dewar, 2009).

8.2.2 a risk assessment approach for GMHT maize

Discussions among participants of the second expert workshop showed 
consensus that there were no fundamental differences in how to approach a risk 
assessment for GMHT maize and Bt-maize apart from the problem formulation 
that has to consider indirect effects for GMHT maize as well. An environmental 
risk assessment of GMHT crops thus raises two major concerns: (1) direct toxic 
effects and (2) indirect food web effects. 

8.2.2.1 Direct toxic effects of GMHT maize

Two types of direct toxicity have to be considered related to GMHT crops: (a) 
effects resulting from the genetic modification due to the expression of a novel 
protein enabling the herbicide tolerance and (b) toxic effects caused by the 
herbicide applied.

Effects caused by the novel protein: Tolerance to glyphosate is enabled by the 
introduction of a gene coding for 5-enolpyruvylshikimate-3-phosphate synthase 
(EPSPS) from Agrobacterium sp. As EPSPS enzymes occur in a wide range of 
plants and fungi, and in some microorganisms, humans and the environment 
have a long history of dietary exposure to these proteins. No adverse effects 
have been reported with their intake (EFSA, 2009b). The same applies for the 
gene coding for PPT-acetyltransferase (PAT) that is responsible for tolerance 
to glufosinate-ammonium. The PAT gene was originally isolated from Strep-
tomyces viridochromogenes, an aerobic soil actinomycete. The PAT enzyme is 
therefore naturally occurring in the soil and there are extensive studies showing 
the safety and specificity of this enzyme.

Toxic effects caused by the herbicide applied: There is currently a debate among 
different regulatory bodies in the EU under what regulation direct effects of 
the herbicides used with GMHT crops have to be assessed. In principle, both 
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Directives 2001/18/EC (European Community, 2001) and 91/414/EEC29 (Euro-
pean Commission, 1991) are relevant for the risk assessment of GMHT crops. 
The registration and use of herbicide active ingredients in the EU is an issue 
for Directive 91/414/EEC. The environmental risk assessment of pesticides 
includes an assessment of impacts on certain nontarget organisms (such as fish, 
Daphnia, algae, birds, mammals, earthworms, bees and beneficial arthropods 
and nontarget plants) and studies of residual activities in soil and water (EFSA, 
2009b). Where herbicides are used as integral parts of biotechnology-based 
weed management strategies, the ERA must also consider their impact on biodi-
versity under Directive 2001/18/EC. These impacts, however, primarily relate to 
changes in agricultural practice resulting in impacts on farmland biodiversity 
that may be classified as indirect impacts (see section 8.2.1).

With regards to direct toxic effects of the herbicides used with GMHT crops, 
participants of the second expert workshop agreed that there was no need to 
retest an active ingredient that had been approved under Directive 91/414/EEC. 
This finding is in agreement with the recommendations made by the European 
Food Safety Authority (EFSA, 2009b).

8.2.2.2 Indirect impacts of GMHT maize on farmland biodiversity and food webs

Probable changes in weed management practices due to the adoption of GMHT 
crops inevitably raise concerns on indirect impacts on farmland biodiversity, 
especially as modern agricultural systems had considerable negative impacts on 
global biodiversity in the past. The widespread use of herbicides in agriculture, for 
example, has resulted in a landscape in which many fields have very few weeds 
and very few invertebrates providing little food for birds. This shift in the type and 
density of weeds in the fields was partly responsible for the remarkable decline 
in both plant and animal biodiversity in many farming areas (Krebs et al., 1999; 
Chamberlain et al., 2000; Robinson and Sutherland, 2002). Additional influencing 
factors include the crop cultivated as well as the crop rotation applied. In the UK 
Farm Scale Evaluations (FSE), for example, differences in biodiversity between 
crops exceeded differences between GMHT crops and conventional crops (Hawes 
et al., 2003). Weeds and some invertebrate groups were, for example, more abun-
dant in oilseed rape (both GMHT and conventional) than in sugar beets or maize. 

In view of an environmental risk assessment that aims to address changes 
in management practice, one must recognize that farming systems are highly 
dynamic and that environmental impacts are caused by a wide range of agronomic 

29 A new legislative framework on pesticides was adopted in October 2009 by the Euro-
pean Parliament. The Council. Regulation (EC) No. 1107/2009 repealing Directives 
79/117/EEC and 91/414/EEC came into force in June of 2011.
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and environmental factors. These may vary from region to region and be subject 
to changes over time. Discussions during the second expert workshop showed 
that participants judged the assessment of weed shifts and the estimation of 
subsequent consequences for farmland biodiversity to be very difficult. In partic-
ular, field studies restricted too few sites and sampling years may not provide 
sufficient data to draw conclusions on the ecological relevance of changes occur-
ring at the field scale over several years. The obtained data may thus not auto-
matically be extrapolated to the landscape level. Most participants agreed that 
performing a meaningful risk assessment enabling a proper characterization of 
the impacts of herbicide regimes associated with GMHT crops on biodiversity is 
not practicable within the time limits given by a regulatory approval process. The 
apparent limits of the environmental risk assessment necessitate thus consid-
ering additional options how potential declines in farmland biodiversity due to 
the adoption of GMHT crops could be mitigated (such as, setting up appropriate 
risk management measures).

8.2.2.3 Risk management options to mitigate declines in farmland biodiversity

When discussing appropriate risk management options to mitigate declines in 
farmland biodiversity, it is important to recognize that the loss of more specialized 
taxa has been a major factor responsible for the decline in farmland biodiversity 
over the last decades (Robinson and Sutherland, 2002). Many bird and butterfly 
species that declined markedly in the period prior to 1970 were dependant on 
areas of extensive low-input cultivation or on the presence of non-cropped habi-
tats. Butterflies as well as bird species now typical of farmland in Western Europe 
are those that tend to be habitat generalist. More intensive field management, 
degradation in habitat quality (such as the disappearance of large stretches of 
hedgerows), and increasing habitat homogeneity (across all-scales) are currently 
the most important drivers of biodiversity loss. 

Regulatory authorities may consider the retention of arable weed popula-
tions in crop fields to be a protection goal since weeds are considered to play 
a role within agroecosystems in supporting biodiversity (Marshall et al., 2003). 
The promotion of weeds to support farmland biodiversity nevertheless repre-
sents a certain conflict since farmers are naturally predisposed to see weeds as 
pests. They thus tend to keep weeds below certain densities in every agricultural 
management practice to avoid reduced yields or harm to the harvested product. 
On the other hand, in many European countries, large areas are dominated  
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by human activities and the conservation of species and communities within 
the farmed landscape is an emerging paradigm (Marshall et al., 2003). As the 
management of weeds to support biodiversity inevitably involves the risk of 
reducing crop yield and the build-up of problematic weeds, there is a need to find 
a balance between adequate weed control and the opportunity to retain some 
plants to support biological diversity. One proposal is to manage low populations 
of “beneficial” weed species, which could provide a low level of competition with 
the crop and have value as a resource for higher trophic groups (Marshall et al., 
2003; Storkey and Westbury, 2007).

The choice of appropriate assessment and measurement endpoints (see 
section 5.2) is crucial for an environmental risk assessment addressing conse-
quences of changes in weed management practice. Ultimately, it has to be agreed 
on how many weeds we want to have in arable fields, recognizing that farmers 
do not aim at having as less weeds as possible in the field, but at obtaining as 
much yield as possible. Indirect effects on farmland biodiversity to a great extent 
depend on the agricultural management applied and impacts can be mitigated 
by good stewardship programs. The goal of risk mitigation measures aiming at 
promoting an ideal weed management should be to avoid the risk of reduced crop 
yields and the long-term build-up of problematic weed communities. Two risk 
management options could be envisaged that would help to achieve a balance 
between agricultural production and support of “desired” weeds in arable fields:
1. A relatively unspecific option tolerating a certain level of weeds in arable 

fields. This could be achieved by three approaches:
 a. A spatial approach separating arable fields into a zone of intensive 

agricultural production and zones of conservation headland30 where 
no (or reduced) herbicide use would be allowed. Zones of conservation 
headland would represent zones of “cultivated wildlife” while zones of 
intensive production would allow to use herbicides without restriction 
(provided they are used according to the legal specifications). Conserva-
tion headlands could be located on field margins and corners considering 
that these areas tend to be less productive in terms of crop yield, but have 
higher weed abundance and diversity (Storkey and Westbury, 2007).

 b. A management approach based on band-spraying that allows choosing 
an optimal application time of the herbicide depending on the weed 
pressure. This reduces the number of herbicide sprays, which results 

30 Conservation headlands denote a zone located within the arable land. They thus differ 
from uncropped areas outside the arable land such as field margins and set-aside 
land. Annual weeds growing on conservation headlands usually depend on regular 
disturbances; they may, for instance, support a different fauna than vegetation covers 
on uncropped land dominated by perennial species (Pidgeon et al. 2007) .
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in environmental chances compared with the conventional practice. 
Depending on the herbicide management chosen, it can either enhance 
weed seed banks and Autumn bird food availability, or provide early 
season chances to invertebrates and nesting birds (Ammon, 1993; 
Dewar et al., 2003; May et al., 2005). 

 c. A technical approach of leaving a proportion of rows of arable fields 
unsprayed to promote the growth of flowering and seedling arable 
weeds (Pidgeon et al., 2007). Model calculations for GMHT sugar beets, 
for example, have shown that leaving one row in every 50 unsprayed 
would achieve a weed seed production equivalent to current conven-
tional practice.

2. A more specific option aiming at managing low populations of “beneficial 
weeds” in the field. Beneficial weed species are characterized by a low level 
of competition with the crop and by having a potential value as a resource for 
higher trophic groups (Storkey and Westbury, 2007). Under standard weed 
management practices, such less competitive annual broadleaf plants tend 
to have a selective disadvantage compared to competitive perennial species 
including many grass weed species.31 Grass weed species tend to be relatively 
poor resources for higher trophic groups. Lists of beneficial weed species 
showing a positive number of associated insect species, being part of the 
diets of farmland birds and showing a low to moderate competitive ability 
with crops have been published (Marshall et al., 2003). Weed management 
practices can be adapted to promote beneficial weeds by relying on selective 
herbicides that control grass weed infestations while leaving most broadleaf 
species (Storkey and Westbury, 2007).

8.2.3 application of the proposed approach

The above mentioned considerations show that one of the main challenges for 
an ERA of GMHT crops is developing a meaningful problem formulation. In 
contrast to an ERA for an insecticidal crop such as Bt-maize, where the risk 
consists in more or less probable adverse effects on other organism than the 
target pest, the range of indirect impacts on farmland biodiversity that could 
occur due to the adoption of GMHT crops is very large. This makes it diffi-
cult to formulate clear risk hypotheses that could be tested, especially as the 
conceivable impacts are often more or less vague concerns than risks in the 
pure sense of the term. At least from an ecological point of view, performing a 
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31 The shift from broad-leaf weed species to grass weeds has furthermore been favored 
by the shift from Spring to Autumn sowing dates due to the planting of Winter cereals 
(Storkey and Westbury 2007). 
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meaningful characterization of the impacts on farmland biodiversity resulting 
from the adoption of GMHT crops is thus very challenging within an envi-
ronmental risk assessment. As the risk cannot be adequately assessed prior 
to approval of the GM crop, the establishment of the proposed risk mitiga-
tion measures appears to be a valid option. Considering that all weed manage-
ment practices have widespread impacts on farmland biodiversity, it would 
however be irrational from a scientific point of view to make such measures 
only mandatory for the cultivation of GMHT crops. The question remains thus 
whether agricultural policies should attempt to make such measures binding 
for all cropping systems or whether the conditions imposed for GMHT crops 
should be similar to those imposed on conventional herbicide regimes. Ideally, 
similar risk mitigation measures should be mandatory for all herbicide regimes 
used in any agricultural cropping system independent of the use of GMHT 
crops. If the final aim is to protect the environment from harm, there are no 
convincing arguments in favor of applying a more stringent regulation for one 
particular technology if a similar technology might result in similar environ-
mental impacts.

The classical toxicological testing approach derived from pesticide testing 
shows limitations as soon as potential effects are not linked to specific toxic 
compounds present in the crop, but to changes in the agricultural manage-
ment practice that result from the adoption of the novel crop. These limitations 
clearly become apparent for noninsecticidal crops such as GMHT maize where 
changes in management practice may have much more substantial impacts 
on farmland biodiversity than the pure toxicity of the protein enabling the 
herbicide tolerance. One possibility to assess changes in management practice 
can be to perform a broader comparative risk assessment that considers and 
balances the impacts of existing and new agricultural management practices. 
Performing such a comparative risk assessment necessitates new multicriteria 
approaches such as the Comparative Sustainability Assessment proposed by 
the UK Advisory Committee on Releases to the Environment (ACRE, 2007), the 
qualitative multiattribute model DEXi (Bohanec et al., 2008) or methods used for 
Life Cycle Assessments (Bockstaller et al., 2009). Multicriteria approaches are 
particularly relevant considering that the adoption of GMHT crops might have 
environmental chances when compared to current non-GM weed management 
regimes (see section 8.2.1). In addition to chances for farmland biodiversity 
(due to the adoption of conservation tillage practices), chances may also be 
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relevant for other environmental compartments such as soil and water (e.g., 
lower toxicities of the herbicides used with GMHT crops) or air (e.g., decreased 
emissions of greenhouse gases as a result of less frequent soil cultivation with 
machinery and less fuel use).

Multicriteria approaches might be a meaningful way of allowing assessing 
changes in management practices that may not only bear risks, but also offer envi-
ronmental chances. The circumstances describing when risks may be balanced 
with chances will be elaborated in more detail in the following section as this 
question depends on the ethical conception underlying the relevant legal frame-
works. The question is also closely linked to the conception of using thresholds 
in decision-making. Thresholds are needed from a legal perspective in case the 
law follows a deontological approach, which is, for example, the case for the legal 
frameworks regulating the use of genetic engineering in Switzerland.

Multicriteria approaches may also prove to be relevant if decisions require 
trade offs between different protection goals belonging to other environmental 
compartments than biodiversity. How to deal with conflicting protection goals 
will also be elaborated in the following section. 

A SECOND BASELINE APPROACH 119
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32 This is a systematically important point at which the approach chosen in this project  
 differs from the influential theory of Beauchamp and Childress (2001) on which the  
 proponents of the Ethical Matrix base their approach.  

9 eTHIcal RefeReNce sYsTeM To assess BIoDIVeRsITY

9.1 The deficiencies of the ethical Matrix

In the first workshop, the Ethical Matrix was proposed as a tool to find applicable 
criteria for environmental damage (Figure 4). The discussions during the work-
shop showed that this approach was not convincing as it had operational limits. 
However, the reason for these operational limits became not quite clear during 
the first workshop. In order to find an alternative, more promising approach, it 
is important to figure out the weaknesses of the Ethical Matrix, especially with 
regard to the main aim of the project, which is to find practicable criteria to 
evaluate environmental impacts of GM crops on biodiversity.

The aim of the Ethical Matrix (EM) as developed by Mepham and colleagues 
is “to help decision-makers (…) reach sound judgments or decisions about the 
ethical acceptability and/or optimal regulatory controls for existing or prospec-
tive technologies in the field of food and agriculture” (Mepham et al., 2006). The 
main reasons why the Ethical Matrix proves unsatisfactory according to our 
opinion are the following:
  • The EM has no plausible answer to the question why the ethical principles 

listed in the matrix should be selected. Proponents of the EM would reject 
this objection arguing that the answer is given by moral common sense or 
common morality. From the point of view of common morality, they claim, 
it is uncontroversial that principles such as benefit, harm, fairness, dignity 
and naturalness belong to the matrix. The notions “moral common sense” 
and “common morality” refer to the pretheoretical ethical beliefs shared 
by a majority of people. These beliefs are also called intuitions. Intuitions, 
however, do not have any normative force – contrary to what the propo-
nents of the EM assume – as they are just the product of history, culture and 
upbringing. That is why these beliefs cannot take on a justificatory function.32 
Thus, even if it may seem obvious to most people, for instance, that dignity 
is a fundamental ethical principle, this does not justify putting dignity on 
the list of ethical principles. Whether it really is such a principle can only be 
determined by theoretical reflection. On a theoretical level, however, there 
is disagreement as to whether dignity is a valid ethical principle or not. This 
applies even more to a value such as naturalness. The principles chosen 
therefore should be the principles vindicated by the most plausible system-
atic normative ethical theory. That means that the EM is not even a good 
starting point for ethical deliberation.33
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33 In other words, the EM as a tool or framework does not dispose of the means required 
 to reach its declared goal: “(…) to facilitate ethical assessments and decision-making”  
 (Beekman et al. 2006). This objection persists even if it is granted that the EM is “not  
 designed to replace ethical judgement” or to calculate “a best ethical option” (Beekman  
 et al. 2006)
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Figure 4: Ethical Matrix proposed during the first expert workshop 

describing how criteria for ecological damage could be approached.

  • Even if all the ethical values or principles on the list were accepted as sound 
ethical values, the EM would be of no practical assistance in reaching ethically 
justified decisions. In this case, decision-makers would have a list of moral prin-
ciples and some indication how these principles could be specified regarding 
the ethical issue at hand. However, the EM does not give them any assistance 
in determining their relative normative weight. This becomes especially clear 
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34 The reason being that these theories supposedly cover only one aspect of common 
morality – which the proponents of the EM regard as the normative foundation of all 
morality – and are thus inadequate if they claim to be allencompassing theories. 

in cases of conflict. If, for example, benefit and autonomy collide, what should 
the decision-makers decide? The EM remains silent about this. The correct 
answer is: it depends on the normative background theory. A deontologist (see 
section 9.3.2), for instance, would argue that autonomy must be respected even 
if by disrespecting it, the net benefit could be increased. A consequentialist 
(see section 9.3.1), on the other hand, would argue that autonomy should not 
be respected if this leads to an increase of the net benefit. Again, this means 
that we must resort to established systematic normative ethical theories such 
as consequentialism or deontology in order to determine the significance or 
weight of a moral principle – something that the EM seeks to avoid at all costs.34 
The proponents of the EM try to solve the problem of weighing by claiming 
that the moral principles on the list are prima facie principles, that is, princi-
ples that although they are generally valid may be overridden in specific cases 
(Mepham et al., 2006). However, this is no solution as it leaves open which prin-
ciple may be overridden in which case. For this reason, the EM as a tool does 
not have the resources necessary to enable well-considered moral judgments. 

  • There is a further reason why the EM is not a useful tool within the context 
of this project. The aim of the project is to develop ethical and ecological 
criteria for regulatory decision-making regarding the risks of GM crops for 
biodiversity. Regulators do not have a legislative, but an executive func-
tion. Their task is to apply the democratically adopted law. The application 
or implementation of the law, however, is not itself a democratic process 
in the sense that decisions must be based on the different (scientific or 
ethical) viewpoints one finds in a pluralist society. If a law such as the Swiss 
Federal Law relating to nonhuman Gene Technology demands a scientific 
risk assessment in order to determine the risks of a release of GM plants, 
the competent authorities must ensure that such an assessment is carried 
out. What is required in this respect is sound science and not democratic 
consideration of different viewpoints and interests. Science is truthori-
ented. It requires special skills and knowledge. This is why specially trained 
people are needed to perform scientific risk assessments. These people are 
experts in their field. Decisions concerning risks should therefore be based 
on their expertise. The same applies to ethics, which is a science like any 
other science. Thus, if ethics plays any role in the implementation of a law, 
what is required is ethical expertise.35 This implies giving concrete answers 
to concrete questions and not just proposing an ethical framework for 
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35 One could raise the objection that ethical considerations taking place within the law, as 
it were, must take into account the “fact of pluralism,” that is, the need to recognise a 
multiplicity of perspectives in the ethical debate, in the sense that none of the pertinent 
theories can simply be dismissed as irrational. This objection could be justified by 
arguing that a modern constitutional state cannot be guided by the fundamental 
ethical principles of one specific ethical theory. Instead it is required to listen to the 
different standpoints in order to base its own activity on a minimum ethical consensus. 
This is the only way that the state can avoid being in thrall to particular groups and 
preserve its ideological neutrality. This argument, however, is not plausible. If ethical 
reflections are a part of the executive process, there is no point in demanding that the 
regulatory authorities should strive for a minimal consensus. Rather, the aim should 
be to ensure that the best possible arguments prevail. For this reason, the authorities 
involved should base their decisions on expert opinion, that is, on the expertise of 
professional ethicists. 

decision-making such as the EM. As far as risk assessment is concerned, 
ethics could either clarify on which ethical theory or theories the legal criteria 
for acceptable risks are based or it could contribute to developing clearer and 
more concrete criteria for acceptable risks. The former would help regulators 
to better understand the normative basis of their decisions. The latter would 
help them to better justify and improve the quality of their decisions.

This critique of the EM, based on a scientific – and therefore fallibilistic – 
conception of ethics, was the starting-point for preparing the second workshop. 
The conclusions to be drawn from the failure of the EM to deliver what was 
originally hoped for are clear. In order to develop ethical criteria for regulatory 
decision-making regarding the question of acceptable risks of GM crops for 
biodiversity, one must proceed as follows: 
  • Systematically develop possible ethical criteria for assessing changes in 

biodiversity and evaluating the risks of biodiversity loss in agriculture. 
  • As these criteria are theory-based, the next step is to choose the most plau-

sible systematic normative ethical theory and spell out what this entails for 
the acceptability of risks of biodiversity changes in agriculture.

  • Apply these criteria to the issue of evaluating environmental impacts of GM 
crops on biodiversity (in the context of a comparative risk assessment).

The time-consuming first step was taken before and during the second work-
shop. Special care was taken to formulate all systematically relevant ethical options 
of assessing changes in biodiversity and the risks associated with it. The result 
is a new “ethical matrix” which, as the discussions during the second workshop 
clearly showed, does not only have the advantage of systematic completeness. It 
also allows regulators to find out for themselves which normative ethical theory 
they favor. Moreover, it helps them understand which ethical theory or ethical 
considerations underlie the legal regulations on which they base their decisions.
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36 A definition of the concept of biodiversity is given in section 4.2.

This ethical reference system is science-based. It is therefore rather 
demanding and can only be useful to nonexperts if they are carefully instructed 
and accompanied by professional ethicists at least during the first stage of the 
process. Ethicists must explain the basic theoretical approaches and they must 
point out the implications of these approaches. The latter is especially impor-
tant in order to enable regulators to take a well-considered decision as to which 
theory they favor. Here is one example: at the beginning of the discussion, 
many participants of the second workshop declared themselves to be ecocen-
trists. Most of them changed their minds when they realized that in order to 
be ecocentrist, one must accept, for instance, that biodiversity is a real entity 
that is not just instrumentally, but intrinsically valuable, that is, valuable for 
its own sake. Furthermore, many participants were not aware that for ecocen-
trism, ecosystems are real, intrinsically valuable entities as well. Favoring such 
a point of view has far reaching consequences as it implies that biodiversity 
and ecosystems must be taken into account morally independently of their 
instrumental value for human – or other living – beings. That does not refute 
ecocentrism, but it shows that someone calling himself an ecocentrist must be 
willing to accept these consequences. 

9.2 Introduction to the ethical reference system

In order to better understand the ethical reference system (ERS) to assess 
biodiversity36 changes (see Table 6), some introductory remarks are given. From 
an ethical point of view, the concept of biodiversity (as an important protec-
tion goal) can only be operationalized if its normative status has been deter-
mined. This is not a scientific, but an ethical or axiological issue. The question 
to be answered is what kind of value should be assigned to biodiversity. The 
ethical theories listed in the ERS answer this question differently. To give some 
examples: 
  • According to deontological anthropocentrism, biodiversity has a purely 

instrumental value: it is only valuable for farmers insofar as being part of 
their capital, but does not have any other value. From this perspective, it does 
not make sense to claim, for example, that certain species should be protected 
for their own sake. The approach thus rejects the view that Red List species 
are an entity to be protected as such. This implies that the extinction of Red 
List species is not per se a harm. 
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37 Note that even though deontological approaches distinguish between direct and  
indirect aspects, these are in each case just internal aspects of the same theory.  

  • As there is no moral right to enjoy the beauty of a species, aesthetic reasons 
play no role in deontological anthropocentrism. The value of rare species for 
human beings is part of consequentialist anthropocentrism.

  • At the other end of the theoretical spectrum, one finds ecocentrism. According 
to this position, biodiversity is a real entity that can be damaged as such 
because it is intrinsically valuable, that is, valuable for its own sake. This 
means that any loss in biodiversity is characterized as harm, irrespective of 
the instrumental value biodiversity may have for farmers or other people.

In the following, biodiversity is understood as a given value. The question 
thus is not whether biodiversity is valuable or not. Rather, the question is why or 
when (i.e., under what conditions or circumstances) the loss of biodiversity is a 
harm, given that biodiversity is a vaguely defined legal concept. How this ques-
tion is answered depends on the ethical theory one favors. Regarding agriculture, 
there are eight possible ways for an ethical evaluation of biodiversity losses and 
the risks associated with it (Table 6).37 The ERS is specifically meant to give a 
systematic overview of the possible ethical criteria for evaluating the risks of an 
(unspecified) biodiversity loss in agriculture. 

9.3 explanations on the ethical reference system

In the following, we would like to explain the main ideas underlying the ERS to 
assess biodiversity changes and the risks associated with it (Table 6). 

There are four basic theoretical approaches to answer the question 
regarding which objects deserve moral consideration: anthropocentrism, 
pathocentrism, biocentrism and ecocentrism (first column from the left). Moral 
consideration means that these objects can rightfully make moral claims on us. 
That does, however, in itself not indicate how these claims are to be assessed. 
Rather, the answer to the latter question depends on a further fundamental 
distinction in ethics, namely, the distinction between deontology and conse-
quentialism (or utilitarianism) (second column from the left). Each of the four 
approaches in environmental ethics can be understood in a deontological or 
in a utilitarian manner. Taking into account that the deontological view distin-
guishes between a direct and an indirect assessment (third column from the 
left), there are twelve ways of morally evaluating the risk of a biodiversity loss 
in agriculture. 
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Table 6: Ethical reference system 

to assess biodiversity changes

Direct

Indirect

Direct

Indirect

Deontological

Utilitarian

Deontological

Utilitarian

anthropocentric

  

Pathocentric
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only a farmer’s  
own arable land

Morally neutral (Maximal extent  
of harm: destruction of the farmer’s 
own property, i.e., the capital of 
biodiversity)

Threshold value

Possible impairment of other 
people’s rights (strangers)

Probable harm to human beings on 
a farmer’s own arable land minus 
probable benefit due to loss of 
biodiversity on this land (probably 
irrelevant)

Morally neutral (Maximal extent  
of harm: destruction of the farmer’s 
own property, i.e., the capital of 
biodiversity)

Threshold value

Possible impairment of the (moral) 
rights of sentient beings due to loss 
of biodiversity on a farmer’s own 
arable land

Probable harm to sentient beings 
minus probable benefit to sentient 
beings due to loss of biodiversity  
on a farmer’s own arable land 

Including other  
farmer’s arable land

Threshold value

Possible impairment of other 
farmer’s property rights 

Threshold value

Possible impairment of other 
people’s rights

Probable harm to the human  
beings on the arable land affected 
minus probable benefit due to loss 
of biodiversity on the arable land 
affected

Threshold value

Possible impairment of other 
farmer’s property rights

Threshold value

Possible impairment of the (moral) 
rights of sentient beings due to loss 
of biodiversity on all the arable land 
affected

Probable harm to sentient beings 
minus probable benefit to sentient 
beings due to loss of biodiversity 
on all the arable land affected

environment  
(outside arable land)

Irrelevant

Threshold value

Possible impairment  
of other people’s rights

Probable harm to human beings 
minus probable benefit 

Irrelevant

Threshold value

Possible impairment of the  
(moral) rights of sentient beings

Probable harm to sentient beings 
minus probable benefit to sentient 
beings 
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Direct

Indirect

Direct

Indirect

Deontological

Utilitarian

Deontological

Utilitarian

Biocentric

ecocentric
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only a farmer’s own  
arable land

Morally neutral (Maximal extent of 
harm: destruction of the farmer’s 
own property, i.e. the capital of 
biodiversity)

Threshold value

regarding possible harm to the 
inherent worth of living beings due 
to loss of biodiversity on a farmer’s 
own arable land 

Probable harm to living beings  
minus probable benefit due to  
loss of biodiversity on a farmer’s  
own arable land 

Threshold value

Possible harm to biodiversity

Threshold value

Possible harm to the inherent worth 
of living beings, ecosystems and 
biodiversity due to loss of biodiver-
sity on a farmer’s own arable land 

Probable harm to living beings and 
ecosystems minus probable benefit 
due to loss of biodiversity on a 
farmer’s own arable land. 

Plus direct change of the value  
of biodiversity 

Including other farmer’s  
arable land

Threshold value

Possible impairment of other 
being’s property rights 

Threshold value

regarding possible harm to the 
inherent worth of living beings due 
to loss of biodiversity on all the 
arable land affected

Probable harm to living beings 
minus probable benefit due to  
loss of biodiversity on all the  
arable land affected

Threshold value

Possible harm to biodiversity

Possible impairment of other 
beings property rights

Threshold value

Possible harm to the inherent worth 
of living beings, ecosystems and 
biodiversity due to loss of biodiver-
sity on all the arable land affected 

Probable harm to living beings and 
ecosystems minus probable benefit 
due to loss of biodiversity on all the 
arable land affected 

Plus direct change of the value  
of biodiversity 

environment  
(outside arable land)

Irrelevant

Threshold value

regarding possible harm to the 
inherent worth of living beings due 
to loss of biodiversity

Probable harm to living beings  
minus probable benefit 

Threshold value

Possible harm to biodiversity

Threshold value

Possible harm to the inherent 
worth of living beings, ecosystems 
and biodiversity due to loss of 
biodiversity

Probable harm to living beings and 
ecosystems minus probable benefit 
due to loss of biodiversity on all the 
arable land affected 

Plus direct change of the value  
of biodiversity 
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As far as agriculture is concerned, it seems appropriate to distinguish 
between 
  • whether only a farmer’s own arable land is affected by a possible loss of 

biodiversity due to his own cultivation practices (fourth column); 
  • whether the biodiversity of other farmer’s arable land is also possibly affected 

by these cultivation practices (fifth column) and
  • whether the biodiversity of the environment outside arable farm land is 

possibly affected as well (sixth column).

It is important to bear in mind that this is a general normative refer-
ence frame that does not distinguish between different cultivation practices. 
This means that the same normative criteria apply to GM crops as well as to 
conventional crops. 

First, the four theoretical approaches in environmental ethics have to be 
defined:

1. Anthropocentrism: All and only human beings are moral objects.
The only beings morally counting for their own sake and therefore to be respected 
are human beings.38 All other beings are just means to their ends. Biodiversity has 
the same normative status: it is valuable only insofar as it is necessary or useful 
for human well-being. This position is called ethical anthropocentrism. Ethical 
anthropocentrism must not be confused with epistemic anthropocentrism, being 
the view that humans can only disclose the outside world as well as moral values 
and moral norms by using human concepts and human judgments.

2. Pathocentrism: All and only sentient beings, that is, beings able to experi-
ence pleasure and pain – or, more generally, beings able to experience the bad 
as bad and the good as good – count morally for their own sake. 
Which beings are sentient? Philosophical and scientific knowledge shows that 
most humans and vertebrates are (and maybe, for example, also other animals 

38 The main problem of anthropocentrism is to give a plausible normative interpreta-
tion of the concept “human being.” If it means “being a member of the species homo 
sapiens,” it is not plausible as to why this biological definition should be morally rele-
vant, that is, why all and only the members of this species should have a moral status 
(provided there are species in an ontologically robust sense). If it refers to certain 
properties, for instance, the property of “being able to reason,” it is not plausible why 
we should call this interpretation anthropocentrism – and not, for example, ratio-
centrism. The reason is, first, that not all human beings have this ability, and, second, 
that nonhuman individuals such as angels, extraterrestrials or primates might have 
it too. If the morally relevant property is “having an immaterial soul” or “being made 
in the image of god,” the problem is that this presupposes a metaphysical or religious 
doctrine that cannot be intersubjectively justified.
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such as octopuses and squids). Whether invertebrates and plants are sentient is 
contentious. In the following, we will assume that invertebrates and plants are 
not sentient, that is, they are not able to feel pleasure and pain. From a patho-
centric perspective, the value of biodiversity is purely instrumental deriving 
from its function for the survival or well-being of sentient beings.

3. Biocentrism: All and only living beings count morally for their own sake.
According to biocentrism, it ought to be respected that living beings have a 
“good of their own.” This kind of good is defined as the one being essential for 
the flourishing of living beings. It is usually based on the telos (purpose) of a 
respective species (that can only realize itself in individual beings). It is what 
constitutes their inherent worth (Eigenwert). That is, for example, why we do 
not respect an indoor plant if we let it wither. 

Harm is thus not bound to pain and suffering as in pathocentrism, but 
to flourishing. A living being is harmed to the extent that it is hindered from 
leading a species-appropriate life – a life that is typical or ideal of beings of its 
kind – or from unfolding its individual capacities and talents. From a biocen-
tric viewpoint, biodiversity does not have a value of its own. It is valuable only 
insofar as it is indispensable or useful for the survival or well-being of indi-
vidual living beings of any kind. 

4. Ecocentrism: Not only individual living beings, but also nonliving individual 
entities such as stones and collective entities such as populations, habitats, 
ecosystems, rivers or species count morally for their own sake, irrespective of 
their importance for individual living beings.
Ecocentrism implies that not only individual living beings, but also entities 
such as ecosystems or populations or nature as a whole can be in a good or a 
bad condition or state, and that they can be harmed as such. This is because 
they also have a good of their own and can therefore flourish or be prevented 
from flourishing. In ecocentrism, biodiversity is regarded as a real – as opposed 
to a nominal – entity.39 This entity ought to be protected as such because of its 
inherent worth. This protection may be morally required even if it is against the 
interests of living beings, human beings included. 

39 Real means that the concept “biodiversity” is equivalent to an actual entity “out there” 
in the world. “Nominal” means that the concept “biodiversity” is just an abstract 
concept of classification (i.e., certain features or groups of features in the world are 
subsumed under one term without claiming that there is something out there that is 
common to all of these features thereby constituting biodiversity).
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9.3.1 consequentialism / Utilitarianism

In a next step, we have to define what is meant by “deontological” and “utilitarian” 
(or “consequentialist”). 

Utilitarianism is the paradigm case of a moral theory named consequen-
tialism. Consequentialism is the ethical view according to which the rightness 
of an act or a measure solely depends on its consequences (as opposed to the 
intrinsic nature of the act). Consequentialism requires that one choose among 
those acts (or measures) available, the act having the best consequences. In order 
to do that, three questions must be answered:
  • Which alternative actions are there (in a situation where one must take  

a decision)? 
  • What impacts are to be expected with regard to each possible action?
  • How are the expected impacts to be assessed?

According to utilitarianism, impacts on all beings affected by an action 
must be taken into account. These impacts are to be assessed with regard to 
their consequences for the happiness of all those being affected. Happiness is a 
generic term referring to intrinsic values of any kind, be it pleasure (and pain) 
as in classical utilitarianism or – in addition to pleasure – values such as friend-
ship, love, beauty or knowledge as in some contemporary forms of utilitarianism. 
The decisive point is that all variants of utilitarianism agree that there is just one 
moral duty: the duty to maximize utility. In each case, the action must be chosen 
which results in most happiness for all those being affected. 

Due to their general structure, consequentialist theories such as utilitarianism 
always have a risk ethical element. They have to take into account that in many 
cases we do not know for sure whether the intended consequences of actions will 
actually occur, but we only know that their occurrence may be expected with a 
certain probability. Hence, what they assess are not the consequences themselves, 
but the expectation value of alternative actions. Accordingly, one ought to choose 
those actions that maximize the expectation value for all those being affected. 

To further emphasize, according to utilitarianism, an act is right and thus 
morally obligatory if its expected utility, that is, the total amount of value40 

resulting, is greater than the total amount of value for any other alternative 
action that the agent could perform instead. In other words, one must always 
choose the best option available. It is not permissible to choose the second best 
option. To do so would be morally wrong.

40 Total amount of value means, that is, the total amount of (expected) good / benefit for 
all minus the total amount of (expected) bad / harm for all.

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



9.3.2 Deontology

Deontological theories claim that the ethical assessment of actions must not be 
based on their consequences alone. From a deontological point of view, certain 
acts are morally wrong in themselves, that is, irrespective of their consequences 
(such as the intentional killing of an innocent person). Such acts are prohibited 
even if they would increase or maximize net benefit. Moral prohibitions of this 
deontological kind serve as constraints with regard to utilitarian considerations 
of total utility.

One way to conceptualize this idea of constraints is to refer to moral rights. 
To say, for example, that an individual being has a moral right to life means that 
this right must be respected even if disrespecting it would lead to an increase of 
the total amount of value. In other words, this being should not to be killed even 
if killing it would increase or maximize total utility.

Concerning the ethical assessment of risks, deontological theories imply 
defining threshold values. Risks that are above a threshold value are morally 
prohibited, whereas risks below such a value are permissible or acceptable. 
The general risk ethical criterion is the criterion of due diligence or duty of 
care. According to this criterion, other beings may only be exposed to a risk if 
the risk-exposing person (or institution) has taken all necessary precautionary 
measures to avoid – with the highest probability feasible – the occurrence of a 
potential harm.

The general idea underlying the criterion of duty of care is as follows: the 
concept of harm is defined by reference to moral rights – infringing on these 
rights means causing harm to the right-holder. Such harm is morally unjustified 
even if by inflicting it, one increases total utility.41 Which rights exist depends on 
the normative background theory. Most theories would agree on moral rights, 
such as, among others, the right to dispose of one’s own body and one’s own life, 
a right to bodily integrity, a right to freely choose one’s own way of life, a right to 
property and a right to life. 

To extend the harm principle – the prohibition to infringe on other being’s 
rights without their consent – to all situations where others are exposed to a 
risk, that is, to demand zero risk and thus to require that others ought not to be 
exposed to any risk, cannot work in real life for a fundamental reason: it would 
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41 This is a provisional conception. It may be more plausible to decouple the concept of 
harm completely from the concept of the infringement or violation of moral rights. 
Consequently, there would be no moral harm. Harm would always be prudential 
harm. As far as moral rights are concerned, their violation would, of course, remain 
morally wrong, but it would not be a harm inflicted on the being(s) whose right(s) 
is (are) violated. This conception, however, would not change the risk criterion as 
sketched above. The core idea would still be using threshold values regarding the 
violation of moral rights in order to separate acceptable from inacceptable risks.
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cause a blockade that would make social life impossible. However, since every 
harmful event is something negative that should be avoided, exposing others to 
risk (without their consent) is only admissible if all precautionary measures have 
been taken to reduce the risk to a point where the occurrence of harm can be 
deemed unlikely. Risk thresholds then serve to determine how far a risk must be 
reduced in order to be acceptable.

According to deontology, there is no “best option” that one must choose. 
Rather, deontology distinguishes between acceptable and inacceptable options. 
Inacceptable options ought not to be chosen, irrespective of their potential or 
expected consequences.42 Deontology does not prescribe which options to choose, 
in case several acceptable options exist. 

Consequentialism and deontology are mutually exclusive. They cannot be 
combined to form a kind of ethical “super theory.”

At this point, we would like to illustrate these general deliberations in the 
context of agriculture using anthropocentrism as an example.

9.3.3 anthropocentrism

Deontological anthropocentrism
As far as the farmer’s own property is concerned, the risk of a reduction in biodi-
versity is morally neutral. The reason is that the farmer may expose his own 
property to any risk. This applies as long as only his property is affected. The 
maximal extent of harm that may occur due to a reduction of biodiversity is a 
diminishment or destruction of his property (presupposing that biodiversity is a 
part of his capital).

The situation changes if the farmer, by using certain cultivation practices, 
exposes biodiversity on other farmer’s arable land to a risk. Suppose these prac-
tices would lead to a complete extinction of bees on his land, and, as a conse-
quence, the loss of bees imposes the risk of a reduction in biodiversity on neigh-
boring farmers. As far as their property rights are concerned, these farmers can 
legitimately demand that the biodiversity on their land remains intact. The disap-
pearance of just one species due to the cultivation practices of another farmer 
must be considered a violation of a property right (assuming that biodiversity is 
part of the farmer’s capital) and thus a severe harm. Hence, the probability that 
this happens must be very low. On this basis, deontological anthropocentrism 
would try to determine a threshold value that allows deciding whether the risk 
is acceptable or not. 

42 That is why deontological approaches reject harm / risk-benefit/chance - analyses in 
case of inacceptable options.
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The risk of a reduction in biodiversity outside agricultural land due to cultiva-
tion practices is irrelevant in this context, insofar as no individual property right 
is affected. There is no probability that this right may be violated. From an anthro-
pocentric-deontological perspective, there is no other moral right that could play 
a role in this context as there is no individual moral right to biodiversity.

With regard to the indirect assessment, the question is whether the farmer 
exposes other human beings on his land or on other farmer’s land or outside 
arable land to a risk. In order to be a risk, there must be a probability that biodi-
versity losses would violate certain moral rights of these humans. Of the rights 
mentioned above, the only relevant right is the right to life and limb (bodily 
integrity). It is questionable, however, whether there is any probability (higher 
than zero) that this right could be negatively affected by a reduction in biodiver-
sity. In the case that this would be possible, the deontological approach would 
again determine a threshold value. Again, the decisive point would be that the 
probability of a harm occurring must be very low. 

Utilitarian anthropocentrism
According to utilitarianism, one ought to choose the action that maximizes the 
expectation value for all those being affected – in this case, for all human beings 
who are affected.43 As far as the farmer’s own land is concerned, there are two 
scenarios. In the first scenario, he is the only human being affected by a loss of 
biodiversity. Supposing that utilitarianism advocates duties to oneself, that is, 
a moral duty to maximize one’s own happiness, one could argue that he must 
calculate the possible (economic) gains and the possible costs and then choose 
the option with the greatest expectable utility (total amount of chances minus 
total amount of risk). It is then perfectly conceivable that a reduction in biodi-
versity could be preferable to the status quo; for instance, if reduction means the 
elimination of pests which in turn increases the probability of higher yields. In 
the second scenario, we try to calculate the expectation value for human beings 
who are on this farmer’s land. This case seems to be morally irrelevant because it 
is hard to see what the possible benefit or possible harm engendered by the loss 
of biodiversity could consist of.

If other farmer’s arable land is affected, the situation becomes more compli-
cated. What must be taken into account are the possible positive and negative 
impacts of a reduction in biodiversity caused by all farmers. The same reduction 
in biodiversity that could be preferable to the status quo in the case of farmer A 
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43 This kind of utilitarianism would have to argue that only the pleasure and pain of 
human beings (or only the fulfilment of human desires) counts morally. 
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(because it has a higher expectation value) might have to be assessed as unde-
sirable in the case of farmer B because it has a lower expectation value than 
the status quo. What utilitarianism requires in such a situation is figuring out 
which of the following two options is the best (better than the other option if 
there are only two). Option 1: the total sum of the expectation value of farmer 
A and the expectation value of farmer B resulting from the reduction in biodi-
versity. Option 2: the total sum of the expectation value of farmer A and the 
expectation value of farmer B based on the status quo ante. If the expectation 
value of option 1 is lower than the expectation value of option 2, the loss of 
biodiversity must be judged negatively. In that case, there is a duty to reverse 
the loss of biodiversity, even if this means that farmer A is worse off as a result 
(in utilitarianism distributive considerations are irrelevant). 

The same procedure has to be applied if we take the environment outside 
agriculture into consideration.

9.4 application of the proposed approach

As mentioned before, the ERS is the first step in a systematic process aiming at the 
specification and justification of plausible ethical criteria to valuate environmental 
impacts of GM crops on biodiversity. This step is important in two respects. 
1. It lays the systematic foundation for the determination and justification of 

the targeted ethical criteria. As pointed out above, the full development of 
these criteria would require choosing the most plausible systematic norma-
tive ethical theory and then applying the respective criteria to the ques-
tion of risk and harm regarding biodiversity. This, however, would be beyond 
the scope of this project since this is the most basic systematic question of 
normative ethics in general. What can be said, nonetheless, is the following: 
Irrespective of which theory turns out to be the most plausible one, all theo-
ries share some common ground with regard to the assessment of the risks 
associated with GM crops. They all agree – albeit for different reasons – that 
the commercial use of GM crops can only be allowed if there is sufficient 
knowledge regarding the risks involved. Deontologists would argue that 
this is required because without this knowledge it is not possible to deter-
mine whether the risks exceed the threshold value separating permissible 
from impermissible risks. Utilitarians would argue that without this knowl-
edge, it is not possible to determine whether the expected net benefit of an  

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



agriculture with GM crops (or the net benefit of specific GM crops) would 
exceed the expected net benefit of an agriculture without GM crops. 
Furthermore, they all agree that the current scientific risk knowledge does 
not yet suffice to justify the commercial release of GM crops. Given this 
knowledge it is still not possible to determine in a sufficiently reliable 
way whether the risks of these crops (especially regarding worst cases) 
are above or below the threshold. Nor is it possible to determine whether 
the commercial use of (specific) GM crops would lead to an (long term) 
increase of the net benefit in agriculture (as compared with conventional 
agriculture). Thus, they would all plea for more risk research based on the 
step-by-step procedure. 

2. The ERS may be useful for certain practical purposes. Three are worth 
mentioning:

 a. By providing regulators with a general orientation grid, the ERS enables 
them to see which ethical position they intuitively favor.

 b. The ERS helps regulators to question their point of view and to modify it 
accordingly. It also facilitates a better and more reflected understanding 
of the ethical view(s) enshrined in the law. As a consequence, regula-
tors are better able to communicate their position to the “outside world” 
(industry, scientific community, media, and public at large).

 c. The ERS improves comprehension of certain tensions, for instance 
the tension between the two aspects of protection that are essential 
for biodiversity: the protection of rare and threatened species on the 
one hand, and the functioning of ecosystem services on the other hand. 
These two aspects may lead to dilemmas for decision makers because 
the relevant legal regulations are based on two different ethical theo-
ries that exclude each other. Biodiversity conservation is usually based 
on an ecocentric approach according to which biodiversity is intrinsi-
cally valuable (and rarity is valuable in itself). This implies that espe-
cially rare species are entities that deserve protection irrespective of 
their value for ecosystem stability and for human beings. The protec-
tion of ecosystem services is mainly based on an anthropocentric 
approach according to which biodiversity is only instrumentally valu-
able, namely, insofar as it is necessary for human well being. If only the 
anthropocentric approach were relevant for the legal interpretation of 
biodiversity, there would be no tension between the two main aspects 
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since the protection of rare species would not be intrinsically, but just 
instrumentally valuable, i.e., valuable insofar as the existence of these 
species contributes to human well being – just like the functioning of 
ecosystem services. Suppose decision makers have to decide between 
the preservation of a functionally irrelevant rare species and the pres-
ervation of a functionally indispensable common species. The question 
then would be: which species is more important for ecosystem stability 
and thus ultimately for human well being (given that ecosystem stability 
is instrumentally valuable for human well being)? So there would be a 
clear normative criterion that would permit, at least in principle, one to 
answer this question without facing any dilemmas.
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RecoMMeNDaTIoNs 
foR DecIsIoN-MaKeRs

CHAPTER 10
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1sT RecoMMeNDaTIoN

Regulators (and other stakeholders involved in the discussion on the environmental 

impacts of GM plants) should be aware that different ethical theories underlie the 

definition of environmental damage. However, as law is not based on a consistent 

ethical theory, regulators are faced with the difficulty that these theories may 

sometimes be incompatible. Regulatory authorities should use the ethical theories 

presented herein to explore the subject of environmental damage. By understanding 

how the existing theories influence decision-making, they should make sure that the 

law is coherently applied. 

 From an ethical coherence view, cultivars with new traits that have been 

produced through genetic engineering should be valuated according to the same 

normative criteria of environmental damage as products produced by conventional 

breeding.

144

10 RecoMMeNDaTIoNs foR DecIsIoN-MaKeRs

10.1 ethical considerations when evaluating effects of GM plants

The perception of risk and damage is governed by societal and individual value 
judgments. Risk assessors and regulators need to bear in mind that the term 
“environmental damage” can be characterized based on different ethical theo-
ries. The ethical theories mentioned in the present project can be a useful tool 
for regulatory decision making. Most importantly, they provide regulators with 
a general orientation on possible ethical viewpoints related to value judgments 
necessary when defining environmental protection goals and facilitate a more 
reflected understanding of the ethical views enshrined in the law. Moreover, it 
may help regulators to take more accurate and coherent decisions and to better 
communicate their position to other stakeholders.

The coherence requirement implies that what should be valuated is not so 
much the technology to produce GM crops, but, rather, the products of this tech-
nology. So when we try to determine the damage GM crops may cause to biodi-
versity, we should use the same criteria that we use when we try to determine the 
damage to biodiversity that may be brought about by conventionally produced 
crops. Ethical reflection can help to define these criteria.
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10.2 Protection goals

Protection goals as specified by existing legislation are the exclusive starting 
point for regulators for a definition of damage. Policy decisions on what ulti-
mately has to be protected are based on the existing legal frameworks. Nearly all 
legal frameworks demand the conservation and sustainable use of biodiversity. 
However, due to practical and financial constraints, it is impossible to conserve 
all components of biodiversity in the same manner. Hence, one needs to be 
able to decide which components of biodiversity deserve particular protection. 
Both from an ethical and from an ecological point of view, the legislative terms 
used to describe the protection goal “biodiversity” are too vague to be scien-
tifically assessed. To define scientifically measurable characteristics for each 
ecological entity deserving protection, we propose to first define assessment 
endpoints that are an explicit expression of the environmental value that is to 
be protected. In a second step, measurement endpoints that represent a meas-
urable ecological characteristic that can be related to the particular assess-
ment endpoint are to be defined. We have specified a matrix listing entities of 
biodiversity that need protection as well as criteria that need to be considered 
when defining corresponding assessment and measurement endpoints. The 
presented matrix can be used as a tool to structure the dialogue between the 
different stakeholders, especially between regulators and applicants. 

Regulatory authorities need to be aware that setting endpoints will require 
balancing competing goals that will be a source of controversy. Biodiversity 
conservation, for example, usually focuses on rare and threatened species, 
while restoring ecosystem services necessitates concentrating on ubiquitous 
species as a species on the verge of extinction is likely to have less signifi-
cant ecological relevance. Similarly, although there is general consensus that 
the ecological entities specified by legislation to deserve protection have to be 
respected (such as Red List species and protected habitats), there is contro-
versy over the necessity to protect “common” species that are not explicitly 
listed in the legislation, but that are reduced by common agricultural practices 
(such as agricultural weeds that may be an essential part of food webs in agri-
cultural landscapes contributing to farmland biodiversity, but that also reduce 
agricultural yield).
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2ND RecoMMeNDaTIoN

Regulators should actively promote approaches that enable stakeholders to agree on 

what deserves protection because it is specifically valued. Regulatory authorities can 

use our matrix specifying protection goals as well as assessment and measurement 

endpoints as a starting point for discussing generic and operational biodiversity 

protection goals among all stakeholders of GM plants. The matrix can thereby be 

adapted to regional or country specific needs. We recommend that science and 

empirical evidence support the discourse about policy goals and indicate what 

ecological theories tell us about the relevance of biodiversity. 

146

10.3 Thresholds

Using a threshold to define damage would be an elegant approach as it would 
allow more or less unambiguous decisions which represent unacceptable 
harm. In principle, every indicator value that would exceed the threshold would 
indicate damage. Unfortunately, the threshold principle is currently not appli-
cable in practice as the legal frameworks regulating the use of genetic engi-
neering in Switzerland and in the European Union (EU) do not define specific 
threshold values. This is mainly due to the difficulty to define thresholds for 
ecological indicators. Ecological thresholds must be evaluated independently 
for every single species or species group – a procedure that is usually not 
appropriate for regulatory decision-making. With growing ecological experi-
ences on the cultivation of GMOs, thresholds for certain ecological groups may 
become available. Nevertheless, one has to recognize that for most ecological 
indicators fully operational thresholds will probably rarely be available in the 
near future. These complexities inevitably challenge decision-makers as they 
generally have no clearly quantified thresholds that allow them to decide what 
represents damage.
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3RD RecoMMeNDaTIoN

In theory, thresholds would be an elegant approach to define damage as every indi-

cator value that would exceed the threshold would indicate damage. Hence, where 

available, ecological thresholds should be used for decision-making. However, 

regulators should keep in mind that ecological thresholds are seldom available in 

practice as ecological sciences are most often not able to provide precise threshold 

values that would indicate when damage occurs. If thresholds are missing, damage 

should be defined by using a baseline approach. The baseline allows one to deter-

mine when a change has to be regarded as a damage without relying on a precise, 

fixed threshold as the definition of damage is performed by comparing two different 

states. The first state (e.g., the impacts caused by current agricultural management 

practices) is thereby indicating what is accepted. Damage occurs if the difference 

between the accepted state and the state to be evaluated is judged to be sufficiently 

large to be adverse.

 Note, however, that from an ethical point of view, this understanding of base-

line is problematic insofar as normatively speaking the baseline should include 

criteria of acceptability. What is acceptable and what is actually accepted may, but 

must not coincide.
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10.4 comparative assessments and baselines

The project showed that generic comparative assessments of different agricul-
tural management practices are very complex and difficult to perform because 
the impacts of cropping systems depend on a variety of different factors that 
can often only be assessed on a case-by-case basis. It is therefore not possible 
to reduce these impacts to one common “currency” that would allow a generic 
comparison. This challenges the initial assumption of the project that compar-
ative assessments are the only way to allow a coherent evaluation of envi-
ronmental risks of GM crops. Every generic comparison inevitably results in 
omitting important details that influence the character and the magnitude of a 
specific environmental impact of a particular technology. 

It is important to recognize that regulatory authorities do often not have 
a legal basis or formal obligation to perform a comparative assessment as 
existing agricultural technologies are evaluated according to different regula-
tory frameworks. More precisely, the regulatory framework for pesticides uses 
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4TH RecoMMeNDaTIoN

Future political and legislative processes in Switzerland and in the EU should 

attempt to harmonize the legal frameworks regulating GMOs and other agricultural 

management practices that serve similar purposes (such as the use of pesticides). 

Agricultural technologies should be assessed based on their individual properties 

and on their risk for the environment and not just because they have been created 

by a specific methodology or technology. Regulators from different authorities 

should initiate discussions to create a legal framework or a formal process that 

allows for a comparative approach in situations where the comparison of technolo-

gies is appropriate and where there is a risk that the same protection goals may be 

adversely affected. 
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other evaluation criteria than the one for GMOs. Hence, regulatory authorities 
often refuse to compare the effects of GM crops to the effects caused by, for 
example, pesticides. As regulators are forced to restrict their judgments to 
the GM legislation, this leads to the irrational situation that the same envi-
ronmental impacts may be judged differently depending on what agricultural 
management practice caused them. In our opinion, this incoherence is one of 
the main reasons for the current paralysis of the regulatory framework for GM 
crops in Switzerland and in the EU.

As long as technologies having similar environmental impacts face different 
regulatory regimes, a comparative assessment cannot be performed and it is 
impossible to draw a baseline for regulatory decisions. Baselines (i.e., the compa-
rator which serves as a basis for comparison) are nevertheless essential for deci-
sion-making as they define what makes a change to be regarded damage. Legally, 
the baseline for the evaluation of damage from GMOs should be set by what is 
already regarded representing damage today. If GMOs would be regulated on the 
same legal basis as other agricultural management practices such as pesticides, 
a comparison would be possible as the baseline would be characterized by those 
environmental impacts that are already approved and thus implicitly accepted.

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



5TH RecoMMeNDaTIoN

We firmly believe that it is the responsibility of regulatory authorities to ensure that 

the approval process of new technologies is coherent and performed according to 

transparent criteria. Regulatory authorities need to provide applicants with precise 

operational protection goals and they need to clearly indicate what other relevant 

information they may need for the evaluation of environmental impacts of GM crops. 

Protection goals have to be defined by regulatory authorities in a consensus process 

involving all stakeholders as applicants alone cannot address the public and seek 

for consensus.
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10.5 Weaknesses of the regulatory system for GM crops

The legal requirements in Switzerland and in the EU require that risks for 
the environment are assessed prior to the approval of GM crops. In order to 
assess the safety of GM crops, applicants of new GM crops need clear indica-
tions from regulatory authorities regarding protection goals (i.e., regarding the 
environmental entities to be protected from damage). Unfortunately, regulatory 
authorities in Switzerland and in the EU do currently not provide applicants with 
sufficient information on operational protection goals when evaluating environ-
mental risks of GM crops.

The GMO regulation in the EU is marked by a poor communication 
between applicants and the responsible regulatory authorities. Regulatory 
authorities are usually not allowed to communicate with applicants to discuss 
scientific questions and other issues relevant for preparing dossiers for the 
application of GM crops. The process of communication between regulatory 
authorities and applicants is practiced very differently in other countries such 
as Australia, New Zealand, Canada and the U.S., where applicants seek advice 
from regulators at an early stage and during the process of dossier preparation. 
These practices clearly allow a more coherent application of the legal frame-
work and it would be helpful if such practices would also become accepted in 
Switzerland and in the EU. 
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6TH RecoMMeNDaTIoN

It is our firm belief that all technologies that could potentially harm the environment 

in a similar way should be evaluated according to the same legal standards. GM 

crops should not principally be regarded as a potential harmful technology, but as an 

agricultural management tool that is comparable to other existing management prac-

tices that can have adverse environmental impacts depending on their use. Hence, 

GM crops should rather be regulated by a legislation that is regulating technologies 

with similar purposes (e.g., the plant protection legislation or va riety approval) than 

under a separate regulation. This could imply that the responsibilities for regulating 

GM crops would be assigned to other regulatory authorities than it is today.

10.6 Regulatory burden for GM crops

One can argue that evaluating the consequences of crop management changes 
related solely to the introduction of GM crops is an inappropriate burden 
as there are numerous agricultural crop management practices that evolve 
constantly. New plant species and plant varieties are introduced and new crop-
ping systems are developed with much lower request for regulatory review and 
approval. These novelties may have a far larger environmental impact than 
the choice to grow GM crops. Although this obvious deficit of the current legis-
lation is recognized, this concern is seldom addressed in current regulatory 
discussions on GM crops. 
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aNNeX 2: WHaT Is RIsK?

Andreas Bachmann and Klaus Peter Rippe, Ethik im Diskurs

Intensive discussions within the project team regarding the conception of risk 
have shown that this concept needs to be clarified more thoroughly. The main 
reason is that the standard approach used in environmental risk assessment to 
assess risk as a function of exposure and hazard must be questioned from a scien-
tific theoretical point of view as it does not indicate where the aspect of probability, 
which is essential for an adequate definition of risk, comes into play. The debate 
within the project team on this issue resulted in the formulation of some prelimi-
nary theses by the two ethicists, Andreas Bachmann and Klaus Peter Rippe, that 
must be provocative to any risk researcher. In the following, we want to present 
these theses being fully aware of their provocative and controversial character. 

What is risk?

Risk as a technical term is characterized as a function of the extent (or the magni-
tude) and the likelihood (or probability) of harm.44 Both variables – probability and 
magnitude of harm – are equally essential. Harm denotes something that should 
be evaluated negatively. Therefore, the concept of risk is inherently value laden. 
For this reason, determining risks is not a purely scientific issue. At best, empirical 
science can determine the probability of a future event occurring. It cannot deter-
mine, however, how this fact – the fact that something will occur with a certain 
probability – should be evaluated, i.e., whether it is a risk, that is acceptable or not.

This technical definition of risk must be distinguished from two nontech-
nical usages. First, in everyday language, the term risk often only refers to the 
probability that harm will occur. The term risk is used in this way, for example, 
when we say that there is only a small risk of being killed in a plane crash. 
Second, the term risk at times only refers to the possible magnitude of harm. 
This is the case, for example, when we say that lung cancer is one of the major 
risks that affect smokers. 

It is important to keep in mind that the technical concept of risk always refers 
to both, the magnitude and the probability of harm. To give an example: since the 
risk of being killed implies a great harm, it can only be considered to be small if 
the probability of occurrence of this harm is extremely low.

44 If function is understood as a product then risk is a product of the probability and the 
extent of harm. In other words: risk is an expectation value. The following example 
may illustrate what this means: If in situation a) there is a 1% probability of 10’000 
people dying and in situation b) a 50% probability of 200 people dying the risk, i.e. 
the expectation value in both cases is 100 dead people. Identical expectation values 
should be evaluated identically. This means that if the risk of situation b) is deemed 
inacceptable this also applies to the risk of situation a).
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What is the relation between risk and hazard? Hazard is usually defined 
as the intrinsic ability or the potential of something (an individual being, a 
substance, an action, an event etc.) to cause harm. Without hazard, there can be 
no harm and thus no risk. In this sense, hazard is a necessary condition of risk; 
but it is not an aspect or a component of risk. A toxin, for instance, may have 
the intrinsic ability to kill people. However, it becomes a risk only if someone 
is exposed to it. If this happens, its potential to cause harm may turn into a real 
harm; i.e., there is a certain probability that harm will actually occur. 

Every hazardous entity is a source of risks. The hazard, i.e., the harm poten-
tial related to this source exists irrespective of whether anybody is exposed to the 
risk source.45 A risk, however, emerges only when someone is actually exposed 
to the risk source. Therefore, exposure is another necessary condition of risk: 
without exposure, there is no risk. Exposure in this sense is a digital concept: 
either one is exposed to a risk source or one is not exposed. As long as nobody 
is exposed to a potentially lethal toxin, for example, there is no risk since there 
is no probability of a harm (death in our example) occurring. In this respect, 
the likelihood of being exposed is therefore irrelevant. Those who use the term 
“likelihood of exposure” usually refer to a certain percentage of a population 
that will presumably be exposed to a hazard. This kind of likelihood, however, 

45 Hazard designates the harm potential, i.e., the intrinsic ability to cause harm. It is 
therefore completely independent of the probability of harm occurring. For example, 
if the harm potential of a big avalanche is greater than the harm potential of a small 
avalanche, this means that the big avalanche can – has the intrinsic ability to – cause 
more harm than the small one. The former could, let us say, lead to the complete 
destruction of a protection forest whereas the latter could only lead to a destruction 
of a small part of this forest. This hazard exists irrespective of any probability of 
the respective harm occurring. Another example may help to further clarify this 
point: Toxic substance A and toxic substance B both have the ability to kill. This is 
their hazard. The probability that death occurs if a person ingests either of these 
substances may vary because substance A is more toxic than substance B. Hence, 
it may be true that substance A is more likely to kill this person than substance B. 
However, this does not affect the hazard, i.e., the intrinsic ability to cause harm. 
Rather, it presupposes the determination of the hazard: Even though both substances 
can be deadly (hazard), substance A is more likely to kill a person than – the same 
quantity of – substance B. If this is plausible, however, are there not two different 
hazards relating to these substances? The answer is no because, as far as the intrinsic 
ability to kill individual persons is concerned, substance A and substance B are 
identical. In colloquial language, the answer may be different. It is completely normal 
to say that substance A is more hazardous than substance B, that is, when a person 
is exposed to these substances, substance A is more likely to kill this person than the 
same quantity of substance B. Thus understood, however, hazard is just another word 
for risk (not in a technical sense though, but rather in the everyday sense mentioned 
above referring to the probability that a harm will occur). For this reason, it seems 
advisable to forego the concept of hazard altogether and to use the notions of harm 
potential and risk instead, the latter being defined as a function (the product) of 
probability and magnitude of harm.
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is not part of the risk itself. In order to determine a risk, the only relevant factor 
is the number of individuals (or the percentage of a population) actually being 
exposed.46 Of course, certain features or parameters of exposure may have an 
effect on probability. For instance, temporal duration or frequency of exposure 
(or magnitude of dose) may play a role: the more frequent and the longer an 
individual or a population is exposed to a risk source, the higher the probability 
is of harm occurring. However, this kind of exposure is not equal to the actual 
probability. Rather, the connection is inferential insofar as information regarding 
temporal duration, frequency or magnitude of dose can be used to estimate the 
likelihood of the occurrence of harm.

As shown, neither hazard nor exposure – understood as the bare fact of 
being exposed to a risk source – is a component of a risk. Yet, in order to deter-
mine a risk, we have to know the hazard (i.e., the intrinsic ability of a risk 
source to cause harm) as well as the (approximate) number of individuals or 
the percentage of a population actually exposed to this source.47 This knowl-
edge is necessary because without it, the probability and the magnitude of 
harm associated with a risk source cannot be determined. However, further 
knowledge is required to determine probability and magnitude of harm. Some 
examples – nuclear power plants, avalanches, ecotoxicology – may be useful to 
clarify this point. 

Nuclear power plants

The hazard of nuclear power plants, that is, their intrinsic ability to cause harm, 
is extremely great. Worst case scenarios assume that a core melt accident could 
lead to the death of thousands of people. This hazard exists independently of 
whether anybody would be harmed by such an accident; that is, it would also 
exist if a remotely controlled nuclear power plant was situated in the middle of 
a deserted area so that nobody would be killed by a core melt. If this were the 
case, nobody would be exposed to this risk source. Consequently, the possible 
harm could not turn into a probable harm and there would thus be no risk. In 
reality, however, the situation is quite different since many atomic power plants 
are situated in densely populated areas, which means that countless people are 
actually exposed to this risk source. In order to determine the risk for these 

46 In many cases, an exact number cannot be ascertained. Thus, the number of  
 individuals (or the percentage of a population) actually being exposed to a risk source  
 must be estimated. The term “likelihood of exposure” refers to this estimate. If the  
 exact number (or the exact percentage) cannot be provided, this entails an uncertainty  
 with regard to the determination of a risk.   
47 As mentioned, exposure also comprises aspects such as how much of a substance  
 someone encounters. This may have an influence on the probability of a specified  
 harm occurring.
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people, we have to know the probability and the magnitude of harm. Suppose the 
probability of a reactor meltdown accident is 1:33,000 years. Suppose, further-
more, that the number of dead people (including late fatalities) in case of such 
an accident amounts to 50,000. Given that quantifiable risks can be expressed 
in terms of expectation values (i.e., the product of the two variables probability 
and magnitude of harm), the risk (the expectation value) amounts to 1.5 dead 
persons per year. 

A major problem is whether, and if so how, the probability and the magnitude 
of harm can be calculated. A purely mathematical calculation is almost never 
possible. Usually, the two variables of a risk must be estimated whereby the esti-
mates are based on experience and/or model calculations. How these variables 
are determined depends on the case at hand. 

Regarding the risk of a meltdown accident in a nuclear power plant, the 
analysis of the probability component is a complex procedure (Birkhofer, 1980; 
Weil, 2002).48 It basically consists of recording the possible accident sequences 
induced by an initiating event by means of event trees and then calculating 
the probabilities of failure of the different safety systems ultimately leading 
to a core melt by means of fault tree analyses using Boolean logic. One prob-
lematic aspect of this approach is that its results are afflicted with uncertain-
ties resulting from unverifiable assumptions and models. Another problem-
atic aspect is that experts do not agree on the concept of probability. Some of 
them favor a subjectivistic probability theory according to which probability is 
a measure of degree of belief. Others favor an objectivistic probability theory 
according to which probability refers to the relative frequency of an event 
(Birkhofer, 1980; Weil, 2002). 

Depending on the direction in which the radioactive radiation released by a 
core melt moves, the magnitude of harm (expressed in lives lost) is great(er) or 
small(er). What is thus required for the risk assessment of a Maximum Credible 
Accident (MCA) – beyond calculating the probability of a core melt accident – is to 
determine the probability of the direction in which the radiation would move in 
case of an MCA. MCA refers to the worst possible magnitude of harm (“hazard”): 
the greatest number of people possibly harmed (i.e., killed) in the short and 
long run by a core melt accident and its associated discharge of radioactivity. 
Given the state of scientific knowledge, it is clear that this harm, as well as the 
probability of its occurrence, can only be roughly estimated, but not precisely 
determined (Niehaus, 1984; Weil, 2002).

48 In the following, only the risks of purely technical failures are taken into consideration. 
We are well aware, however, that other aspects such as human failure or external 
factors (for instance, earthquakes or tsunamis, or a combination of both) are also 
relevant for the determination of the risk. 
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This example highlights that when we are about to perform a risk assess-
ment, we do not only want to know what may or could happen, we want to know 
the probability with which it will happen. In our example, we want to know the 
probability of a core melt accident occurring and we want to know the probability 
of the radioactive radiation released by this accident to harm (kill) the greatest 
possible number of people. 

This example also shows that risk assessments can be replete with uncer-
tainties regarding the probabilities and the magnitude of harm. These uncer-
tainties limit the accuracy and reliability of risk statements. Hence, they should 
be reduced as far as possible. In many cases, however, it will not be possible to 
completely eliminate them. 

avalanches

While risks of nuclear power plants are mainly induced by a certain technology, 
the risks associated with avalanches may be regarded as primarily induced by 
natural processes.49 The official scientific terminology (see www.slf.ch) in this 
area is muddled as it equates hazard with the probability of an avalanche occur-
ring and risk with potential harm. Both terms are used in a wrong way. Hazard 
means the potential of an avalanche to cause harm. The aspect of probability is 
not included. And risk is not potential harm, but probable harm. Furthermore, 
since risk always contains a harm component, it must not be confounded with 
the probability of some event occurring. The use of the risk concept is only 
adequate if the event in question must be considered harmful. Avalanches are 
only risks therefore, if they threaten individuals (or material assets) that would 
be harmed with a certain probability in case they would be triggered. 

As far as the probability of triggering avalanches is concerned, European 
avalanche bulletins content themselves with qualitative statements, distin-
guishing between five levels: low, limited, medium, high and very high. These 
levels are rather vaguely defined. “Low,” for instance, means that due to generally 
very stable snow, avalanches triggered by persons are unlikely and confined to 
very few extremely steep slopes. “Very high” means that due to generally unstable 
snow, even on gentle slopes, many large spontaneous avalanches are likely to 
occur. To reach this degree of precision, a great amount of data and experience is 
required. Since avalanches are complex phenomena, even this does not seem to 
suffice, however, to determine probabilities quantitatively – much less to predict 
avalanches with certainty. 

49 Even though they can be considerably increased or decreased by human behavior.
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As far as the hazard of avalanches is concerned, the decisive criterion is 
avalanche size. There are four sizes: sluff, small, medium, large. “Small,” for 
example, means that the avalanche can bury, injure or kill a person. “Large” 
means that also large trucks and trains as well as large buildings and forest 
areas can be buried and destroyed. 

Knowing the level of probability and hazard, however, is not sufficient to 
determine the risks associated with avalanches. The aspect of probability 
mentioned above solely refers to the likelihood that avalanches are triggered by 
spontaneous events or human activity. The probability of harm remains unknown. 
The aspect of hazard solely refers to possible harm, not to probable harm. What 
is lacking is the determination of the probabilities related to the different levels 
of hazard. For that purpose, the component of exposure needs to be analyzed. 
Exposure has two aspects. On the one hand, the aspect of being exposed to a risk 
source: if someone is not exposed to an avalanche in the sense that he cannot 
possibly be harmed for reasons of spatial distance, there is no corresponding 
risk. On the other hand, exposure has characteristics such as temporal duration 
or geographical location that affect the probability of being harmed: depending 
on the route skiers or climbers choose, for instance, the probability of being 
harmed (i.e., injured or killed) by an avalanche is greater or lower. Again, given 
the state of knowledge, these risks can only be determined qualitatively. They 
cannot be quantified because neither the probability of being injured or killed 
by an avalanche nor the number of persons being exposed can be precisely 
(numerically) ascertained.

ecotoxicology

In ecotoxicology, risk is commonly interpreted as a function of exposure and 
hazard. This interpretation is not equivalent to the standard definition of risk 
being a function of probability and magnitude of harm since probability is not 
the same as exposure and magnitude of harm is not the same as hazard. 

As explicated before, hazard is the intrinsic ability or the potential of 
something – a toxic substance in our case – to cause harm. In other words, 
hazard refers to the possible harm such a substance may bring about. Risk 
assessments, however, do not aim at determining possible harm. Rather, they 
are targeted at determining (more or less) probable harm. To reach this goal, 
exposure analysis is the next necessary step. Again, the two aspects of expo-
sure must be carefully distinguished. First, there is only a risk if someone is 
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exposed to the hazardous risk source. Second, every exposure is characterized 
by certain properties (exposure factors), such as, temporal duration, frequency, 
dose, number of individuals exposed etc. These properties must be known in 
order to determine the probability of harm. They are, however, neither equal to 
the actual probability nor do they suffice as such to calculate this probability. 
What is also required is a stochastic deliberation reflecting the fact that there 
is not enough causal knowledge for making deterministic predictions.

An example may serve to illustrate how this might work. A population 
of 100 fish is exposed to a certain dose of a toxic substance. Within a certain 
period of time, 50% of the fish die. This is the harmful effect caused by the toxic 
substance. From this, a stochastic conclusion regarding risks can be drawn 
(provided the sample is large enough), namely, the conclusion that the prob-
ability of dying amounts to 50% (under laboratory conditions) for every fish of 
a population exposed to this dose of a toxic substance.50 

There is an important difference between the statement ”dose x of a toxin 
will lead to the death of 50% of the members of the exposed population” and‚ 
“there is, ceteris paribus, a 50% probability for each member of the exposed 
population to die of dose x of a toxin.” The first is a prediction based on a cause-
effect-relationship. It states a certainty as opposed to the second statement 
which expresses a probability implying an uncertainty whether the future event 
actually will take place. The former is a deterministic prediction, and the latter 
is a probabilistic prediction. The aim of risk assessments are accurate proba-
bilistic predictions. Deterministic predictions by contrast are not part of such 
an assessment. If deterministic predictions are possible, we should not speak of 
“risk analysis” or “risk assessment.” 

This caveat is important for the following reason. Given that we live in a caus-
ally determined world,51 it would be possible to predict any event with certainty 
if we knew all relevant causal factors.52 Under such conditions, there would be no 
risks. The world, however, is so complex that, given the current state of science, 
it is impossible in many cases to make reliable predictions based on our knowl-
edge of cause-effect-relationships. In this situation, we have to content ourselves 
with probabilistic predictions, especially with regards to complex systems. In 
justifying such predictions, three limiting factors play a crucial role:

50 “Every fish” does not refer to the single fish as an individual, but as a member  
 of a certain fish species.  
51 If quantum mechanics is true, physical processes at subatomar scales cannot be 
 explained deterministically. At this level, therefore, only probabilistic predictions 
 would be possible.  
52 Thus, uncertainty is always due to lack of information or knowledge. There is no  
 uncertainty that a possible increase in knowledge could not eventually eliminate,  
 provided determinism is true.
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  • Time axis: Observation periods are usually rather limited. It is thus difficult 
to predict (in a probabilistic sense) what may happen in the long-term.

  • Amount of data: Sufficient data for making reliable probability statements 
is often not available. Yet, without sufficient data, the risk level cannot be 
determined. Given a sample of 100 persons of whom 50 are smokers and 50 
are nonsmokers it is not possible to derive any scientifically sound statement 
regarding the (absolute) risk of lung cancer for smokers in general.

  • Causal factors: Laboratory experiments often do not – or, given the current 
state of knowledge, cannot – detect all relevant causal factors. And even if 
all relevant causal factors are known, their interaction may be too complex 
to allow deterministic predictions.

It may be argued that the toxic effects of a substance can be determined 
more reliably in the laboratory than in the reality of a complex system because 
the causal factors can be controlled more accurately within the laboratory. 
However, what we want to know in the end are the effects of the toxin under real 
environmental conditions, that is, under conditions in which a whole array of 
other factors may influence the effects of the toxin. These effects are too complex 
to be deterministically predicted, for instance, by extrapolating them out of the 
available limited knowledge. At this point, we have to resort to risk analysis, ulti-
mately aiming at scientifically sound probabilistic predictions. However, here we 
face yet another problem. In the laboratory, the hazardousness of a toxin can be 
ascertained under specific and controlled conditions. In field trials, the results 
achieved in the laboratory can be tested, although only under restricted condi-
tions and for a limited amount of time. At most, field trials thus enable a more 
complex causal analysis. However, this is not enough to make sufficiently reli-
able risk statements as field trials cannot generate the amount of data necessary 
to make sound probabilistic predictions about effects in complex environmental 
systems. Presumably, the only way to achieve this is to monitor real systems, 
whereby “monitoring” means collecting the data required to make well-founded 
probabilistic predictions.

What does this mean with regards to the risk assessment of GMO? It is impor-
tant to note that the approach sketched thus far is only tenable in this respect if 
certain assumptions concerning GMO in general, GM crops in particular prove 
to be plausible.53 The basic question is: If a crop such as maize is changed by 
inserting a foreign gene into its genome, is the GM maize just the old maize plus 
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53 The following remarks are owed to critical comments of Alan Raybould on the first 
draft of this chapter.  
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the new trait or should it be regarded as a new kind of maize? How one answers 
this question has considerable repercussions on environmental risk assessment. 
The approach outlined in this chapter builds on the assumption that the trans-
genic maize is a new kind of maize. It cannot be maintained if this maize is just 
the old kind with a new trait. What is meant by this difference and what are the 
implications for risk assessment?

Suppose a foreign gene expressing a toxic protein is inserted into a plant.  
If this GM plant B is the conventional plant A plus this new trait, that would 
entail the following:
  • As far as risks are concerned there is no difference between plant A and 

plant B regarding the already known risks of plant A. Hence, if the risks of 
plant A are sufficiently known and deemed to be acceptable, there is no need 
for risk tests on plant B.

  • Risk tests are only required with regards to the new gene expressing a toxic 
protein. This can be done in the laboratory, for instance, in order to examine 
the effects of the toxin on non-target organisms. Given that it is clear what is 
meant by harm in this context and what needs protecting from harm (targets 
for protection), this allows testing whether the GM crop in question is envi-
ronmentally safe. It can then be argued that it is safe if the likelihood of unac-
ceptable harm occurring is minimal. This can be ascertained by exposing the 
non-target organisms to a dose of this toxin that is (much) higher than these 
organisms will encounter under real conditions. If the toxin even in this case 
does not cause any harm that is regarded as inacceptable the GM plant as 
a whole can be considered safe (enough). Field trials are therefore not nec-
essary as regulatory authorities may permit commercial-scale cultivation of 
the crop without requiring more data.

There are two main objections to this view of the relation between the nature 
of a GM crop and risk assessment:
  • This approach is not a risk model aimed at the determination of risks as the 

product of probability and harm. It is a causal model aiming at the detection 
of cause-effect-relations. Depending on the dose a toxin has certain impacts 
on target and non-target organisms deemed to be positive or negative (or 
neutral). These relations between cause and effect can be ascertained in the 
laboratory. To ensure that the GM plant is safe (enough), the targets for protec-
tion are exposed to a dose considerably higher than they will be exposed to 

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



in the field. If no negative effect is observed, the conclusion is drawn that the 
risk – the probability of unacceptable harm – is minimal. Only at this point, risk 
seems to play a role. However, what risk means is no more than the general 
epistemic proviso that we are not infallible and that it cannot be absolutely 
ruled out, therefore, we may have overlooked something.54 This, however, is 
not what is meant by risk assessment, at least not if risk is defined in terms of 
probability and (magnitude of) harm. To be sure, this does not show that the 
concept of GM crops underlying this approach is inadequate. It only shows 
that this concept is not satisfactorily connected to risk assessment, understood 
as a genuinely probabilistic approach, but to a causal model which seeks to 
predict the effects of cultivating (certain) GM crops (for instance, on non-
target organisms). Those in favor of this approach should therefore forego the 
concept of risk and use a deterministic, not a probabilistic language.

  • A second objection is that conceiving of a GM plant as the conventionally 
bred template plus trait X resulting from genetic modification is inadequate. 
A GM plant is not the sum of the original plant’s traits and trait X. It cannot 
be ruled out that this trait substantially changes the character of the GM 
crop in question due to effects on the genetic level (multiple insertions, dele-
tion, filler DNA) and/or to epigenetic mechanisms (gene silencing, positional 
effects, and pleiotropic effects). The question is what this means for risk 
assessment. The main point is that the GM crop may not just show unin-
tended but unexpected traits. For this reason, lab tests trying to determine 
the risks associated with this crop are of limited significance. They must be 
supplemented by field trials and by post-market monitoring. At this point, 
it is important to emphasize that environmental risk assessment should not 
be conceived of as a pragmatic tool for decision-making under conditions 
of limited time and money. Rather, its purpose is to generate the scientific 
risk knowledge necessary to decide whether the risks associated with GM 
plants are acceptable or not. Whatever is necessary to fulfill this task must be 
done – regardless of how long it takes and how much it costs. Of course, field 
trials as well as post-market monitoring should be based as far as possible on 
clear risk hypotheses. It does not make sense to collect large amounts of data 
if these data do not help improve risk knowledge. Yet, as long as we do not 
understand all the environmental factors that could influence the GM plant 
and the interplay between these factors and the structure of the plant field 
trials are necessary. This is so even if it were true that in many or even most 
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54 In German, this is expressed by the phrase: “mit an Sicherheit grenzender 
Wahrscheinlichkeit.”
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cases, the environment mitigates rather than exacerbates potentially harmful 
effects. One central aim of risk assessment consists precisely of determining 
the probability of those – maybe not very common – cases in which harmful 
effects are exacerbated and not mitigated by the environment. 

Above, an argument was mentioned according to which a GM crop is safe 
(enough) if the probability of unacceptable harm occurring is minimal. However, 
whether this argument is valid cannot be decided by empirical science since it 
concerns a normative question that lies beyond the reach of science: the question 
of acceptability. Thus, even if it were true that the risks of GM crops – including 
the risks concerning worst cases – can be ascertained in the laboratory, this 
would not entail that the commercial release of a GM crop is admissible if the 
likelihood of unacceptable harm is minimal. 

As far as the normative criterion for risk acceptability is concerned, there are 
two prominent approaches that reject the idea that activities or technologies that 
have the ability to cause inacceptable harm are acceptable, all the same provided 
the probability of this harm occurring is minimal. 
  • The first approach is based on the maximin or minimax criterion. According 

to this criterion, unacceptable harm means harm that must be prevented at 
all costs. This implies that the likelihood must be zero, whenever possible. 
And this, in turn, entails that the respective activity – in our case, the 
commercial release of a GM crop – must be prohibited given that this is the 
only way to lower the likelihood of the harm occurring to zero. However, 
almost zero is not enough. 

  • The second approach is based on a threshold criterion according to which 
risk as the product of probability and magnitude of harm must not exceed 
a predefined threshold value. This implies that even if the probability of a 
harm occurring is extremely low, this per se does not justify the risk – or 
rather the activity associated with this risk – because the harm may be so 
severe that the risk is still above the threshold.

Regarding some quite well-known GM plants, for example, Bt-maize, one 
could argue that by now we do have enough data and knowledge to conclude 
that the risks associated with them are so low as to be negligible and there-
fore acceptable. This conclusion can only be valid, however, if the probability 
regarding the worst case, i.e., the greatest possible harm, can be determined with 
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sufficient precision. “Sufficient precision” does not require quantitative specifi-
cation. Qualitative determination may also be acceptable. For this to be the case, 
however, one condition must be met: it must be possible to categorize the prob-
ability in a way that allows comparing it to the probabilities of other risks, for 
instance, the probability of a strong earthquake – deemed to be low or very low. 
Otherwise, it remains too vague, making it impossible to decide whether the 
corresponding risk is acceptable or not.55

The same problem arises with regard to unintended effects of GM plants. 
In this case, the analysis of worst case scenarios should aim at estimating the 
probability with which, for example, pleiotropic and epigenetic effects trigger 
a dynamic that would result in an irrevocable destabilization or even complete 
collapse of ecosystem equilibrium. The main problem here is that on the one 
hand, it is inadmissible to extrapolate from the laboratory to the reality of complex 
ecological or agricultural systems whose causal factors are scarcely known.56 On 
the other hand, it is not possible in this case to derive probabilities of specific 
events that have never occurred from known effects. It is an open question, then, 
as to how the probability of a maximum possible harm occurring can be deter-
mined, if it can be determined at all.57 Since this is an important point, it is neces-
sary to take a closer look at the conventional deterministic approach of assessing 
toxic risks of GM plants. In our context, the main point to discuss is whether this 
approach is able to give due consideration to the aspect of probability. 
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55 It is often argued that the risks of a GM crop are acceptable if they are not (signifi-
cantly) greater than the risks of its conventional counterpart. This normative argu-
ment is untenable for the following reason. Logically, the fact that B (a GM crop) is 
not worse than A (the respective non-GM crop) does not make A good or acceptable. 
It does not imply anything about the value of A. Even if A were very bad (harmful) 
and utterly inacceptable, it would still be true that B is not worse than A. Obviously, 
this does not make B acceptable. So this kind of comparison is empty with regard to 
the question of the acceptability of B. In other words, it only works if A is acceptable. 
However, how do we know that? The point is: Acceptability is a normative concept 
that cannot be determined just by looking at legal regulations. There are many legal 
regulations of risks that are accepted; and yet the risks regulated are inacceptable. 
Acceptability must be logically distinguished from acceptance. In this sense, it is a 
normative or ethical concept. Ultimately, the different ethical risk theories provide the 
standards for acceptable risks. Therefore, the baseline for acceptability cannot be an 
existing legal standard regulating conventional agricultural products. Acceptability 
must refer to normative standards that are independent of legal regulations even 
though they may happen to be enshrined in the law.   
This refers to the worst case scenario outlined above: the collapse of eco systems 
resulting from a dynamic due to pleiotropic or epigenetic effects. The point is simply 
this: whatever we may be able to test in a lab, it will not suffice to allow deriving the 
probability of this worst-case occurring. In other words, it will not suffice to justify the 
conclusion that the likelihood of the worst-case happening is so low as to be negli-
gible and thus acceptable.  
We will come back to this point at the end of this section.

56

57
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A common test of acute toxicity is the LD50 test. In this test, an animal 
population is exposed to a certain dose of a toxin leading to the death of 50% of 
the individuals of this population. The toxic substance is the source of hazard. 
Hazard refers to the ability or potential of this substance to bring about a certain 
harm – death in the case of LD50. Exposure denotes the fact that a population 
has been exposed to a hazard over a certain period of time. 

LD50 tests are of a deterministic kind. Once the test has established the dose 
leading to the death of 50% of the exposed population, it is possible to make 
predictions based on this result. These predictions are deterministic – as opposed 
to the probabilistic predictions typical of risk assessments: they allow predicting 
a future event, namely, that ceteris paribus 50% of a population exposed to a 
certain dose of a toxin will die thereof, with certainty because they are based on 
the knowledge of cause-effect-relations. 

This deterministic approach underlies ecotoxicological tests. Regarding bio-
diversity, for example, the hazard of a stressor on the environment is charac-
terized in the laboratory or under field conditions using a number of surrogate 
species that are thought to be indicative for biodiversity. The intention of the tests 
is to determine the (detrimental) effects of the stressor on the species chosen at 
given levels of exposure. To this point, this is a purely deterministic procedure 
determining causalities; even though it is commonly called “risk assessment.” 
The main question then is how the results of these tests can be transferred 
to agricultural systems. Basically, there are two options: either it is justified to 
directly transfer them or a direct transfer is not justified and some intermediate 
steps are required.

To justify a direct transfer, the following ontological statement would have to 
be true: the same causal factors determine the effects of the stressor – irrespective 
of whether we are in the laboratory or in the open system. This implies that there 
are no additional – maybe as yet unknown – environmental factors that could influ-
ence the (harmful) effects of the stressor under real conditions. If that were true, 
we could, given that we are able to exactly determine the exposure factors, predict 
the harm a GM plant would cause once it would be commercially cultivated. There 
would be no need to draw upon probabilities below one and above zero as the 
probability factor would be one or zero. Probability one means it is 100% certain 
that x will occur. Probability zero means it is 100% certain that x will not occur. 
The aspect of uncertainty regarding the occurrence of harm would not exist, and 
therefore there would be no risks since uncertainty is essential for any risk. 
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In this context, the proponents of the deterministic approach argue that 
environmental risk assessment is basically an extrapolation of the results of the 
hazard characterization and the exposure assessment performed. Extrapola-
tion, however, is an ambiguous notion. For instance, if a vehicle covers a distance 
of 200 meters in 12 seconds and 1000 meters in 60 seconds, one can extrapolate 
that in 90 seconds it would cover 1500 meters. Understood as a prediction, this 
is true if the speed of this vehicle is not influenced (i.e., changed) by any addi-
tional internal or external causal factors. In that case, extrapolation enables a 
kind of deterministic prediction. This, however, presupposes that we know all the 
relevant causal factors. Otherwise, the extrapolation is afflicted with uncertainty 
and we have to resort to a probabilistic analysis. In that case, extrapolation only 
allows probabilistic predictions. 

Applied to the assessment of GM crops, this means that an extrapolation 
in the deterministic sense is only possible if 1) all causal factors relevant in 
view of the possible harm caused by these crops and active under laboratory as 
well as real conditions are known; and if 2) these causal factors are identical. If 
conditions 1 and 2 are met, we should avoid speaking of risks and risk assess-
ment since risks essentially imply uncertainty. If conditions 1 and 2 are not met, 
we should avoid speaking of a “deterministic approach” in the context of risk 
assessment and use the term “probabilistic approach” instead. 

Given the current state of scientific knowledge, it is more plausible to 
understand extrapolation in a probabilistic sense. The main reason is that, as 
mentioned before, we do not know all causal factors possibly relevant under 
the environmental conditions of open agricultural systems and therefore 
cannot transfer laboratory results or results of field trials directly to these 
systems. In other words: it cannot be ruled out that the effects of GM crops 
within these systems are shaped by influencing factors we do not know. That is 
why for the time being, safe deterministic predictions regarding these effects 
are out of reach.58

The deterministic approach does not seem to be able to take the aspect 
of probability adequately into account. This is no surprise as the approach is 
geared to causal analysis, allowing reliable deterministic predictions based on 
cause-effect relationships. In this approach, there is no room for uncertainties 
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58 Accurate probabilistic predictions concerning the risks of GM crops also require causal 
knowledge, without, however, being reducible to this knowledge. It is important to note 
that causal knowledge is not always necessary. The lung cancer risk of smokers, for 
instance, can be probabilistically predicted on the basis of statistical knowledge alone. 
Statistical knowledge does not presuppose causal knowledge: even if one has no clue 
regarding the causal connection between smoking and lung cancer one can make an 
accurate probabilistic prediction.    
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and thus for probabilities except probability = 1 (100%) or 0 (0%). The proba-
bilistic approach seems better suited to handle the uncertainties we are faced 
with due to a lack of causal knowledge.59

The main difficulties concerning the calculation or estimation of prob-
abilities have already been mentioned. In conclusion, it may be helpful to list 
them once again:
  • In order to reach sound stochastic conclusions about possible harmful 

effects in complex environmental systems, a large amount of data is required. 
A good example to illustrate this point is meteorology. Weather forecasts 
are probabilistic predictions. They are probabilistic because the weather 
system is too complex and too dynamic to allow deterministic predictions, 
at least given the current state of meteorological knowledge. In order to 
make probabilistically accurate forecasts, two things are needed: first large 
amounts of (relevant) weather data; and second, probability calculations. 
Good weather forecasts are thus based on enough data-based information 
on one hand, and on the other hand, on meteorological and mathematical 
knowledge backed by sufficient computing capacity.60 

  What would adhering to a probabilistic risk approach mean with regard 
to environmental risk assessment in the area of GM crops? Given that agri-
cultural systems are as complex and dynamic as weather systems, and given 
that a GM plant is a new kind of plant and not just the old plant plus the 
new trait, the following conclusion can be drawn: a full-fledged scientific 
risk analysis necessitates a) a large amount of (relevant) data that cannot 
be accumulated by a laboratory experiment or even a field trial restricted 
to a few sampling sites, but only by monitoring real large-scale agricultural 
systems where GM crops are cultivated; and b) ecological and mathemat-
ical knowledge backed up by sufficient computing capacity. 

59 It is important to distinguish between two different risk-related uncertainties.  
 1) The uncertainty regarding a future event happening; 2) Uncertainties regarding  
 the determination of a risk. To give an example, when a person plays Russian   
 Roulette, there is a probability of 1 in 6 that this person will be killed by a pistol  
 bullet. Thus, regarding the determination of the risk, there is no uncertainty since  
 the probability can be mathematically calculated and the possible extent of harm  
 is unequivocally clear (provided that death is harm). This does not detract from the  
 fact, however, that it remains uncertain whether this person will die. In this respect,  
 only a probabilistic prediction is possible since we do not have the causal knowl- 
 edge required for a (justified true) deterministic prediction.   
60 This does not mean that scientific weather forecasts are necessarily more precise  
 than forecasts made by “weather prophets” who base their predictions on subjective  
 experience and historical knowledge. Yet, it is beyond reasonable doubt that scientific  
 forecasts are incomparably more reliable and trustworthy than forecasts made by  
 lay people. The reason is that they are grounded in a much better understanding of  
 the weather system, understood as “deterministic chaos.”   
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  • In view of unintended (and unexpected61) effects of GM plants, the proba-
bilistic approach is faced with a different problem when it comes to esti-
mating the probability of the worst case scenario occurring. The problem 
is, we cannot directly infer the probability of this worst case on the basis of 
known effects. 

Thus far, we have outlined the problems to be overcome when trying to calcu-
late probabilities with regard to the risks associated with GM crops. It has not 
been made sufficiently clear, however, which methods may help to solve these 
problems. The remainder of this chapter will be devoted to this topic. 

The question to be answered is: how can statements such as, “The prob-
ability of harming non-target organisms by commercially cultivating Bt-maize 
is (very) high/ (very) low (or alternatively, is x%)” or “The probability of a 
complete collapse of ecosystem equilibrium (harm) caused by pleiotropic and 
epigenetic effects is (very) high/ (very) low (or, alternatively, is x%)” be justi-
fied? What methods can be used in order to calculate or at least reasonably 
estimate these probabilities?

Methods

The standard formula of the classical conception of probability is  
           
    .

That is, probability p regarding event E is equal to the ratio of the number 
of favorable cases N(E) to that of all the cases possible N.

This formula allows calculating probabilities quantitatively in two kinds 
of cases: 
  • In cases where physical conditions are irrelevant and p can be calculated 

purely mathematically (lottery62)

ANNEX 2: WHAT IS RISK? 185

61 Insofar as unexpected (and maybe even unexpectable) effects result from the   
 dynamic and complex interplay between the GM plant and the open agricultural  
 system, they can only be detected by monitoring this system. Of course, they must  
 first manifest themselves before one can start thinking about the risks associated  
 with them.  
62 The probability of getting the correct six numbers in lottery 6/49 is 1/14 million. This 
 probability is calculated by means of mathematics alone. This probability means  
 that getting six right is extremely unlikely – irrespective of the number of players  
 taking part in the lottery. However, the more players there are, the greater is the  
 probability that one of them will win. The same event whose occurrence is extremely  
 unlikely for each player becomes very likely (weak law of large numbers).  

p(E) = 
 N(E)

N
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  • In cases where the calculation of p can be based on physical symmetries (fair 
coin, fair die, roulette etc.63).

If there is no physical symmetry, as in the case of GM crops, the method 
of the classical conception cannot be applied. At this point, the method of the 
frequency account comes into play. This method is also based on the formula of 
the classical conception since the frequency conception is, structurally speaking, 
the a posteriori version of the classical conception: ”it gives equal weight to each 
member of a set of events, simply counting how many of them are ‘favorable’ as 
a proportion of the total. The crucial difference, however, is that where the clas-
sical interpretation counted all possible outcomes of a given experiment, finite 
frequentism counts actual outcomes” (Hajek, 2009). 

If, for instance, an asymmetrical die is biased in favor of number four, the 
appropriate way to find out the probability of this number occurring is to conduct 
a sufficiently long series of throws in order to ascertain p via relative frequency. 
In other words: in empirical cases like these, what is needed to ascertain p are 
the data required to determine relative frequency in a reliable manner since this 
frequency is (approximately) equal to p.64 Suppose, for instance, a parachutist 
worries about the safety of his two parachutes. He wants to know the probability 
that neither of them will open. In order to calculate this probability, we have to 
know the probability of each parachute not to open. This is something we can 
know only a posteriori, that is, based on experiences made with this product. 
Suppose it is known that the parachute opens in 999 of 1000 cases. Thus, p(E 
not open) would be 1/1000. If this applies to both parachutes, the probability we 
are looking for would be 1/1000 x 1/1000 = 1/1,000,000 (using the rule of multi-
plication). Statistically speaking, this means that in one in a million cases, both 
parachutes remain closed. 

How do we find out that the parachutes in question open in 999 of 1000 
cases? The answer given is by experience. In this context “experience” has 
different aspects. 1) Parachutes are a fully developed technology. Thus, if 
someone constructs a new parachute, it is possible to derive some conclu-
sions regarding the probability of it not functioning based on the accumulated 

63 Physical symmetry is never completely perfect and hence always a kind of idealization.  
 Yet it makes sense to suppose its existence in these cases since it allows calculating p  
 accurately enough for practical purposes. This also applies in the case of the fair coin  
 even though the result p=1/2 does not take into account the possibility of the coin 
 landing “edge.”  
64 In case p is known, it is very likely according to the law of large numbers that the  
 proportion of favourable events, (i.e., the relative frequency), will be approximately  
 equal to p.
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knowledge of parachute technology. 2) Tests performed before market launch 3). 
Monitoring of the product after market launch. Since the technology is already 
fully developed, 1) and 2) are presumably sufficient to come to a plausible esti-
mate of p (provided the new parachute is not revolutionary). However, the exact 
probability can only be ascertained by collecting enough data after market 
launch to produce reliable statistics based on relative frequency. 

Basically, this approach is applicable in a wide range of cases, especially 
cases belonging to the realm of the natural sciences. Take meteorology once 
again as an example. What is meant by a forecast statement such as, “There is 
a 30% probability of rain tomorrow?” It means, there is rain on 30% of all the 
days characterized by the same (or similar) weather conditions as tomorrow. 
“Tomorrow” here does not refer to a single event, but to an instance of a type. 
In order to be correct, the forecast presupposes a quantity of data large enough 
to facilitate reliable statistical statements concerning the probability of rain 
under conditions defined by variables such as air pressure, cloud types, and 
temperature.

Regarding natural events, the problem of determining the probability of 
single cases is often not as urgent as it may seem. Of course, we want to know 
how the weather will be like tomorrow. Thus, we refer to a single case: a unique 
future event (there is only one tomorrow). It is true that the method of rela-
tive frequency is unable to assign probabilities to single cases. However, this 
does not imply that there is always a relevant difference between statistical 
probabilities and single case probabilities. Regarding the weather forecast, the 
difference between tomorrow as a single case, a token, and tomorrow as an 
instance of a type may be negligible since the relevant variables may enable 
quite specific probabilistic predictions so that single case and instance of a type 
practically coincide.

This may be different when we consider, for instance, probabilities pertaining 
to the life of a particular individual. Consider, for example, customer profiles 
used by insurances to calculate the life risk of their clients. According to the 
frequency conception, insurances should take into account all variables that may 
have an impact on life expectancy such as age, sex, and health. The more vari-
ables being used, the more individualized the corresponding probability state-
ment. Nonetheless, the probability is only an approximation to an individual case 
since its calculation is based on the principle that the narrowest (most speci-
fied) reference class for which reliable statistics is available should be chosen. 
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Again, this does not necessarily mean that there are practically relevant differ-
ences between this probability and the probability of the single case. Intuitively, 
however, there may be such differences. Therefore, the question arises of how 
probabilities pertaining to individual persons can be determined. 

Imagine the following case (Gillies, 2000): Mr. Miller, 60 years old, has been 
smoking three packets of cigarettes per day for thirty years. What is the prob-
ability that he will live until the age of 70? Suppose there is a reliable statistics 
for these kinds of cases. The probability of Mr. Miller living until the age of 70 is 
the frequency of those in this class who have lived until the age of 70. It seems 
reasonable, however, to adjust this probability if we learn that Mr. Miller comes 
from a very large family who all smoke three packets of cigarettes per day, but 
none of whom died before the age of 70. The question is, how much would the 
probability change if there were no statistical data available concerning indi-
viduals who belong to such unusual families? In this case, we seem to be forced 
to resort to a rather subjective and vague estimate.65

However, the probability regarding adverse effects of (specific) GM crops on 
biodiversity is primarily a statistical, not a single case probability. From a meth-
odological viewpoint, this means that this probability should be determined by 
means of the frequentist approach. This approach is based on experience. In 
the case of GM crops, experience comprises the same aspects as in the para-
chute example: 1) Conclusions regarding p that are based on the knowledge 
we already have. 2) Tests before commercialization of GM crops (in the labora-
tory; field trials); 3) Monitoring after market launch. The main questions to be 
answered are: what kind of and how much information do we need to derive 
statistically valid probabilistic conclusions? And, how do we get this informa-
tion? Some of the difficulties in answering these questions have already been 
mentioned. In light of the methodological deliberations just made, one diffi-
culty regarding the quality of the data required can be formulated more clearly. 
The frequentist method is a quantitative method. It is based on the idea that 
probability can and must be determined quantitatively. This does not neces-
sarily imply that every probability must be expressed by an exact number. 
It may also be the case that we can only specify a particular range. Maybe 
the probability of an event is above 1% and below 10%. And within that band, 

65 In some cases, the best method to use in order to estimate singular probabilities may 
be Bayes’ rule. This rule allows adjusting subjective probabilities in a controlled way in 
the light of new experience. However, in most cases, the data resulting from the new 
experience can also be interpreted objectively (i.e., in a frequentist manner) by forming 
appropriate reference classes. Bayes’ rule is to be favored only in cases where we have 
good reasons to assume that there is a practically relevant difference between type- 
and token-probability.
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it is impossible to assign probabilities. However, what about qualitative prob-
ability statements? One might think that according to frequentism, such state-
ments cannot be scientifically sound and are therefore inadmissible. However, 
we could also argue that qualitative characterizations of probabilities such as 
“low” or “high” can be acceptable, provided that they are not completely arbi-
trary. However, this only makes sense if they are implicitly connected in some 
way to numbers. On the one hand, we have here a conventional element: to call 
a probability of 40% low is not plausible given the way we use the word “low” 
in this context. On the other hand, qualitative characterizations may refer to 
an approximate range within which they cannot be exactly localized. If not 
even such a range can be determined, possible qualitative probability state-
ments remain vague. They are then expressions of subjective beliefs that are 
not intersubjectively justifiable.

Given a liberal understanding of the frequentist method, it may, in the 
sense just indicated, be admissible to estimate probabilities even if this 
only allows qualitative characterizations. One should be aware, however, 
that this becomes problematic if one wants to know the probability of the 
greatest possible harm occurring (worst case). Take nuclear power plants as 
an example. In this case, the probability of the worst case cannot be derived 
from experience in the sense discussed above. There has hardly been any 
Maximum Credible Accidents (MCA). So it is not possible to produce a reli-
able statistics in the sense of relative frequency. There is, however, another 
option, namely, probabilities can be determined sequentially. As pointed out 
before, this is done by a complex component analysis. The probabilities of a 
malfunction of the different safety systems are calculated and then multiplied 
(Weil, 2002). This presupposes that these probabilities can be determined at 
least approximately. And this, in turn, presupposes enough experience with 
the specific technologies being used. If such an analytical procedure is not 
applicable due to lack of experience regarding these specific technologies, 
then a worst case probability cannot be derived from probabilities associated 
with known effects. In this case, the only remaining option is to base probabil-
ities on model assumptions or scenarios. This may still allow an approximate 
preliminary calculation of the overall probability. The more assumptions that 
have to be made, however, the greater is the uncertainty concerning this prob-
ability, until a point is reached where probability statements become so vague as 
to be virtually empty and useless. 
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The question regarding GM crops is whether there is any way in which plau-
sible probabilities of worst-case scenarios can be determined. Since in scenarios 
of this kind, GM crops as complex biological organisms are situated in complex 
ecosystems whose behavior in many respects is scarcely known, a component 
analysis is not possible. This means that these probabilities cannot be derived 
(extrapolated) from known effects and their probabilities. The only option seems 
to be to operate with scenarios that are based on knowledge and on assumptions 
that have not been scientifically verified. Whether this allows determining the 
probabilities of worst cases with the precision minimally required is a question 
that needs further consideration.

190

Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



Olivier Sanvido et al.: Valuating environmental impacts of genetically modified crops  © vdf Hochschulverlag 2012



Va
lu

at
in

g 
en

vi
ro

n
m

en
ta

l i
m

p
ac

ts
 o

f g
en

et
ic

al
ly

 m
od

if
ie

d
 c

ro
p

s 
–

 e
co

lo
gi

ca
l a

n
d

 e
th

ic
al

 c
ri

te
ri

a 
fo

r 
re

gu
la

to
ry

 d
ec

is
io

n
-m

ak
in

g

Benefits and Risks of the Deliberate Release of Genetically Modified Plants
National Research Programme NRP 59

Olivier Sanvido, Andreas Bachmann, 

Jörg Romeis, Klaus Peter Rippe, Franz Bigler

Valuating environmental impacts of 

genetically modified crops – ecological 

and ethical criteria for regulatory 

decision-making

Diese Publikation ist auch als 

E-Book erhältlich (open access).

DOI 10.3218/3464-6

ISBN: 978-3-7281-3464-6 (E-Book)

www.vdf.ethz.ch

verlag@vdf.ethz.ch

The debate on the possible impact of genetically modified (GM) crops on biodiversity shows that so far 

there is no consensus on generally accepted assessment criteria for environmental harm. This debate 

stems primarily not from a shortage of data, but rather from the absence of criteria for assessing the 

effects of GM plants on biodiversity. Since there are no exact assessment criteria, regulatory decision-

making processes are often not transparent and can be difficult to understand. This increases the 

danger that decisions on environmental risks from GM plants may appear arbitrary. 

The VERDI Project (Valuating environmental impacts of genetically modified crops – ecological and 

ethical criteria for regulatory decision-making) is a interdisciplinary collaboration between biosafety 

experts and risk ethicists. Its aim is to develop recommendations for decision makers and regulatory 

authorities, thus helping to improve the regulation of GM plants. The results show that both the 

unambiguous description of protection goals and the establishment of a basis of comparison are 

two essential criteria when defining harm. 

The book presents a proposal how criteria for the evaluation of GM crops could be developed. The 

book is directed to all those involved in the debate on benefits and risks of genetic engineering,  

in particular to decision-makers and regulatory authorities, but also to scientists from academia  

and the agricultural biotechnology industry.

ISBN: 978-3-7281-3443-1 (Print)

http://www.vdf.ethz.ch/info/showDetails.asp?isbnNr=3443
http://www.vdf.ethz.ch
http://www.vdf.ethz.ch
mailto:verlag@vdf.ethz.ch

