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Genetically modified plants (GMPs) may soon be cultivated commercially in several member countries of the
European Union (EU). According to EU Directive 2001/18/EC, post-market monitoring (PMM) for commercial
GMP cultivation must be implemented, in order to detect and prevent adverse effects on human health and the
environment. However, no general PMM strategies for GMP cultivation have been established so far. We present
a conceptual framework for the design of environmental PMM for GMP cultivation based on current EU
legislation and common risk analysis procedures. We have established a comprehensive structure of the GMP
approval process, consisting of pre-market risk assessment (PMRA) as well as PMM. Both programs can be
distinguished conceptually due to principles inherent to risk analysis procedures. The design of PMM programs
should take into account the knowledge gained during approval for commercialization of a specific GMP and
the decisions made in the environmental risk assessments (ERAs). PMM is composed of case-specific
monitoring (CSM) and general surveillance. CSM focuses on anticipated effects of a specific GMP. Selection of
case-specific indicators for detection of ecological exposure and effects, as well as definition of effect sizes, are
important for CSM. General surveillance is designed to detect unanticipated effects on general safeguard
subjects, such as natural resources, which must not be adversely affected by human activities like GMP
cultivation. We have identified clear conceptual differences between CSM and general surveillance, and
propose to adopt separate frameworks when developing either of the two programs. Common to both programs
is the need to put a value on possible ecological effects of GMP cultivation. The structure of PMM presented
here will be of assistance to industry, researchers, and regulators, when assessing GMPs during
commercialization.
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Abbreviations: CSM: case-specific monitoring; ERA: environmental risk assessment; GMP: genetically modified plant;
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INTRODUCTION
In 2004, the estimated global area of genetically modified
plant (GMP) cultivation was more than 81 million hectares, with five countries, i.e. USA, Argentina, Canada,
Brazil and China, growing 97 percent of these crops
(James, 2004). None of these countries requires legally
binding post-market monitoring (PMM) activities, or they
limit them to very specific areas, such as insect resistance
monitoring of Bt maize cultivation, as in the United States
(Jaffe, 2004). The regulatory frameworks of these countries recognize that products that have received regulatory

approval are judged to be substantially equivalent, and do
not represent a greater risk than comparable products with
a history of safe use. Environmental PMM or long-term
population health surveillance are therefore not considered necessary. However, this principle is being questioned, since short-term experiments and general characterization of plant traits may not detect all environmental
effects of GMPs (National Research Council, 2002). In the
United States, PMM activities are being discussed in order
to determine if pre-market testing protocols adequately
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assess risks. In Europe, the principle of substantial equivalence is not followed, and a precautionary approach is
chosen instead. In the European Union (EU), the
principles for regulating the release of GMPs into the environment are laid down in EU Directive 2001/18/EC (European Community, 2001). Everyone who intends to commercially introduce GMPs into the environment is
obligated to present a PMM plan to identify possible
adverse effects on human health and the environment,
which could arise directly or indirectly from the released
GMP. To date, no EU-wide consensus on how to
design such PMM programs has been defined, although
monitoring concepts are currently developed in several
European countries. In addition, new EU regulations on
approval, labeling, threshold values and traceability of
GMPs have become effective in November 2003 (European Union, 2003a, b). In some EU member countries the
commercial cultivation of GMPs could soon be approved,
which results in an urgent need for conceptual frameworks
and guidance on how PMM programs should be planned
and performed. Despite the fact that the use of GMPs in
Swiss agriculture seems unlikely in the near future, commercial releases of GMPs would, as in the EU, also have
to be monitored in Switzerland. According to the EU
Directive and to Swiss laws, the ultimate responsibility for
a PMM program would lie with the companies holding the
consent for commercial release of a specific GMP. However, there certainly is a need for governmental structures
to coordinate PMM programs. For providing consistent
and comparable results, consent holders would also have
to design and run their PMM programs according to a general framework using standardized methods and protocols.
The aim of this study was to develop a conceptual
framework that would propose structures and procedures
that could be used to implement such PMM programs.
The conceptual framework should represent a pragmatic
approach to realistic and feasible PMM programs. We
limited our study to GMPs and to potential adverse
effects on the environment that could occur during their
commercial cultivation. We took EU Directive 2001/18/
EC and its respective guidance notes (European Commission, 2002; European Community, 2001; European
Council, 2002) as a basis for our study, since Swiss legislation (FrSV, SR 814.911; GTG, SR 814.91) remains
relatively unspecific with respect to aims, design and
planning of PMM programs. The approach we chose was
to analyze the basic requirements for effective environmental monitoring, and to determine whether such
activities do meet the needs of a PMM according to EU
Directive 2001/18/EC. Using this approach two specific
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principles had to be combined: (1) the approval process
for GMPs in Europe and (2) general principles of environmental monitoring programs.

PRINCIPLES CONSIDERED FOR THE
DEVELOPMENT OF THE CONCEPTUAL
FRAMEWORK
Procedure for the approval to commercially
cultivate GMPs in Europe
Each approval for commercial cultivation of a specific
GMP has to be preceded by case-by-case risk assessments of potential adverse effects on human health and
the environment. Furthermore, the introduction of GMPs
into the environment should generally be performed
according to the step-by-step principle, which means that
the scale of GMP releases can only be increased if a risk
assessment based on information of the preceding step
has resulted in an estimation of an acceptable risk for the
next step (European Community, 2001). Potential
adverse effects of a GMP have to be investigated in a first
step under containment in the laboratory and in the greenhouse. In a first environmental risk assessment (ERA I),
it is decided whether a limited experimental release of the
GMP under controlled conditions can be performed.
Approval for commercial cultivation is only granted after
a thorough second environmental risk assessment (ERA
II), in which the characteristics of the GMP are compared
to those of the corresponding non-modified plant under
comparable conditions (European Commission, 2002).
Due to the complexity of the issues addressed, ERA II
may not always result in final answers. The resulting lack
of data may be due to the spatial and temporal restrictions
of the experiments performed during pre-market risk
assessment (PMRA). For a final assessment of the longterm effects of GMP cultivation, data from PMRA may
be limited. These data can only be provided by PMM.
Case-specific monitoring (CSM) shall assess whether the
decision based on ERA II regarding the occurrence and
the impact of anticipated adverse effects is correct,
whereas general surveillance shall detect unanticipated
adverse effects (European Community, 2001). The consent for commercial cultivation is limited to ten years,
after which the results of CSM, general surveillance and
any other new information have to be presented in a third
environmental risk assessment (ERA III) to the competent authority in order to allow renewal of the consent
(European Community, 2001). The procedure used to
decide whether a GMP meets the requirements for
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approval for commercial cultivation leads to conceptual
differences between PMRA and PMM, which have to be
considered when designing a PMM program.
Distinction between pre-market risk
assessment and post-market monitoring
Even though PMM, according to Part C of EU Directive
2001/18/EC, covers commercial cultivation of GMPs, we
noticed that activities belonging to a PMM program are
not clearly distinguished from tasks performed during a
PMRA. We found, however, that based on their different
purposes, the two phases can be distinguished. Approval
for commercial cultivation can be regarded as an important step during the evaluation process of GMPs, and is
based on the knowledge gained from risk assessments in
laboratory, greenhouse and field trials (ERA II). It therefore represents a consolidated risk conclusion by the
competent authority. Since these PMRAs have been carried out in a scientifically sound manner and according to
accepted risk assessment approaches (CBD, 2000; European Commission, 2002), it can be assumed that the risks
related to the cultivation of the approved GMPs are judged to be acceptable, otherwise consent would not be given.
However, risk assessments are always limited by some
uncertainties (Hill and Sendashonga, 2003; Levidow,
2003). The Cartagena Protocol on Biosafety explicitly
recognizes that these scientific uncertainties exist, and
that decisions must be made recognizing that those uncertainties may not be resolved (CBD, 2000). This is also
recognized by the European Commission, which states
that the precautionary approach (Ammann, 2004) is particularly relevant to the management of risks (European
Commission, 2000a), and risk management should control an identified risk but also cover possible uncertainties
(European Commission, 2002). Activities like PMM programs therefore represent appropriate tools to address
and reduce such uncertainties. It is interesting that EU
Directive 2001/18/EC does not consider possible benefits
for the approval of GMPs. Only possible adverse effects
on human health and the environment are evaluated,
although a risk/benefit assessment should be common
practice in an approval process, as common for many
other hazards (European Commission, 2000b). The
approval process for commercial cultivation of a GMP
should include a risk/benefit assessment where the benefits and the risks of a GMP are weighed by comparing
positive and negative effects with current agricultural
practice.
We established a scheme that clearly presents and distinguishes the different phases and activities during
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development and commercialization of a GMP (Fig. 1).
PMRA is limited to the phase prior to approval for commercial cultivation, whereas PMM is limited to activities
related to the commercial cultivation of GMPs. It is
important to bear in mind that PMM programs are tools
to provide decision-makers with science-based data on
possible effects of GMP cultivation and to support decisions when corrective action will be needed in order to
prevent ecological damage. Without reliable information
on changes in the state of the environment, and on the
causes of these changes, decision-making can not efficiently deal with these issues (Vos et al., 2000). In this
context it is important to emphasize the difference
between the terms change and damage. Damage is an
adverse effect and is always linked to deterioration in
quality of a particular subject (e.g. human health or the
environment). Definition of a damage is based on a value
judgment, and differs thus from a change, which is a neutral description. Unless there is an appropriate value
judgment, change is not per se harmful and may represent
a natural process. It is not possible to scientifically define
ecological damage, as scientific methods are only capable of showing ecological changes. To put a value on
these changes, scientific, social, ethical, and economic
factors have to be considered.
Principles of environmental monitoring
programs
We felt a strong need for a clear definition of the specific
functions and differences of CSM and general surveillance, as well as for a definition of what tasks should
be performed in each program. In order to clearly distinguish the differences between the two programs, we analyzed the general principles of existing environmental
monitoring programs (Hellawell, 1991; Vos et al., 2000).
The terminology used in Directive 2001/18/EC is not
very precise, since the term monitoring is used as an
umbrella term in PMM, and subsequently two specific
programs are distinguished, of which one is called CSM.
The term monitoring is often used in a very broad sense,
although based on conceptual differences it can be clearly
distinguished from the term surveillance. The purpose of
monitoring is defined as the detection of changes and
effects related to specific causes (Hellawell, 1991), such
as the cultivation of GMPs. The purpose of surveillance
is defined as the detection of changes without focusing on
a specific cause. Various environmental indicators are
analyzed in order to detect shifts in environmental quality
as a pure assessment of state (Hellawell, 1991). Based
on these conceptual differences, CSM and general
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Table 1. Objectives of a monitoring program for genetically modified plants (GMPs) according to EU Directive 2001/18/EC,
plus a judgment on the possibilities and limits of case-specific monitoring and general surveillance.
Case-specific monitoring

General surveillance

Objectives according
to 2001/18/EC

– To assess, if anticipated adverse environmental
effects related to a specific GMP do occur (confirm
assumptions of environmental risk assessment ERA)

– To detect unanticipated adverse environmental
effects which were not identified in the ERA

Approach

– Detection of changes related to GMP cultivation
during a defined time period

– Assessment of state of the environment independent
from any preconception and time period

What the program can
provide

– Case-specific confirmation or rejection of a
previously formulated hypothesis in comparison
to a reference system
– Draw conclusions on the cause of detected
changes

– Provide information on the state of the environment
and of possible environmental changes
– Provide fundamentals to forecast the likely
development of the environment (early warning
system)

What the program can
not provide

– Draw conclusions on the long term development of
the environment

– Determine the cause of an environmental change
– Draw conclusion on the effects of GMP cultivation

surveillance can more clearly be defined, and their respective limits can be identified (Tab. 1):
1. CSM has the objective to assess whether GMP-related adverse effects on the environment do occur. It is
based on specific risks that a certain GMP could present. CSM can be regarded as the continuation of the
investigations performed during PMRA, since defined hypotheses on possible anticipated effects are tested. The hypotheses can be confirmed or rejected after
a defined period of time, and CSM can be terminated
(Fig. 1). As CSM is performed in close relation to the
cultivation of a certain GMP, it should be possible to
draw conclusions on the causes of detected changes.
The gain of knowledge from PMM may lead to new
questions, which have to be answered in specific risk
assessment studies. CSM helps to reduce remaining
uncertainties, and its results may influence the PMRA
of new GMPs with comparable properties.
2. General surveillance has the objective to detect unanticipated adverse environmental effects that were not
identified and considered in ERA II. Results obtained
from general surveillance cannot be linked to any specific attributes of GMP cultivation, since the program
provides a general assessment of the state of the environment, independent of any preconception. It can
provide information on exceptional environmental
events and changes, and possibly provide basic information to forecast the likely development of the environment. General surveillance is not designed to
determine the cause of possible environmental changes, as a multitude of factors could be involved. If
environmental changes are observed, and it is likely
that the cultivation of a specific GMP has caused
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them, the causality will have to be determined
through specific risk assessment studies (Fig. 1).

CONCEPTUAL STRUCTURE
FOR CASE-SPECIFIC MONITORING
Many existing monitoring programs face the problem of
providing only limited information on quality and changes of the environment, because their purposes have not
been exactly defined (Vos et al., 2000). We propose to
develop CSM programs according to a strict framework,
following four distinct phases, each consisting of three
defined steps (Tab. 2). The responsibility for CSM lies
with the consent holder (European Community, 2001). In
most cases this will be a company, which has obtained
approval for marketing a specific GMP. Each application
for placing a GMP on the market must contain a plan for
CSM. The plan must describe how the applicant plans to
carry out the monitoring program, and has to be approved
by the competent authority (European Community,
2001).
Phase I: Defining the CSM strategy
The first step involves the identification of possible risks
that could be caused by the cultivation of the specific
GMP. One can assume that they are mostly known from
PMRA, and that they depend on the plant, its genetic
modification and on the cultivation area. Sometimes
influencing factors, such as the presence of wild relatives
of a plant can be excluded, while other risks can be more
important due to specific geographic conditions. ERAs
and CSM are closely linked, since the risk assessments
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Figure 1. Stepwise procedure of ecological risk assessment during the life cycle of a specific genetically modified plant (GMP).
Pre-market risk assessment and post-market monitoring are two distinct phases during the evaluation of possible risks of GMPs.
The two phases are separated by the approval for commercial cultivation, which represents a significant step in this process
(ERA = environmental risk assessment).

provide the basis for the subsequent CSM. A CSM strategy should identify how data obtained from PMRA can
be validated. In addition, detection of possible effects that
may only arise in large-scale and long-term releases may
also be part of CSM (European Council, 2002). The
second step concentrates on determining potentially
affected environmental safeguard subjects, such as biodiversity and the natural resources: air, soil and water. The
term safeguard subject is used here to denote an environmental subject that is commonly accepted as valuable for
the society and thus needs to be protected. Step three consists in defining effects that could occur in these safeguard subjects. Current proposals for ERA limit analysis
of environmental effects of GMPs mainly to two safeguard subjects, biodiversity and soil (for review see
Conner et al., 2003; Dale et al., 2002; Pretty, 2001;
Wolfenbarger and Phifer, 2000). This restriction of safeguard subjects, however, is based on results of PMRAs
performed on the currently commercially available
GMPs.
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For CSM we propose six different environmental risk
categories that could be of relevance for monitoring
(Fig. 2): (1) introgression into wild relatives, (2) invasiveness
of GMPs, (3) environmental behavior of transgenic
products, (4) effects on non-target organisms, (5)
resistance development in the target organisms and (6)
effects due to changes in agricultural practice and
cropping systems. In each risk category possible effects
can be separated into consecutive steps. Depending on
the characteristics of the GMP, the applicant has to
identify on a case-by-case basis, whether a CSM of
certain risk categories is necessary and at which step the
effects shall be monitored. This involves an initial
evaluation of possible effects that are regarded as
relevant and worthwhile monitoring. For each effect that
will be monitored, a hypothesis has to be formulated that
can be tested using scientific methods. If the ERA II has
not identified a risk, or if possible adverse effects are
negligible, CSM may not be required (European Council,
2002). According to Directive 2001/18/EC, confirmation
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Table 2. Procedure to be followed for developing a case-specific monitoring (CSM) program for genetically modified plants
(GMPs).
Phase Step

Description

Examples

Non-target effects due to Bt Maize (Cry1Ab) in
the Swiss plateau

CSM strategy

I

1

Risk identification

What risks could occur due to the GMP in a geographic area?

2

Safeguard subjects

Which relevant safeguard subjects could be at risk? Biodiversity (non-target arthropods e.g. butterflies)

3

Effect definition

What are potential effects? Formulate hypothesis

Increased larval mortality of Bt-sensitive non-target butterflies

Determination of scales

II

4

Effect size

What effect size should be detected?

0.5-fold change in population size compared to an
equivalent non-transgenic crop

5

Spatial scale

Where should the safeguard subjects be assessed?

In habitats adjacent to Bt maize fields (< 10 m
from field edge)

6

Temporal scale

How long should the safeguard subjects be
assessed?

No exceeding of the defined threshold within the
next five years

Planning
7

Indicator selection

Select suitable indicators according to defined cri- Bt-sensitive butterfly species living as larvae in
teria and define trigger values for each indicator
habitats adjacent to Bt maize. A trigger value
might for example be a 50% reduction in population size.

8

Feasibility study

Select method, define organization structure and
Counts of adults of butterfly species
data management, determine synergies with existing programs

9

Sampling plan

Design sampling plan

III

Parameters, frequency of sampling, sample size,
resources and costs

Operational program

IV

10

Data collection and Assessment of potential effects by measuring speanalysis
cific indicators

11

Data evaluation

Evaluation of analysed data – confirm or reject
hypothesis

Compare population changes to previously
defined trigger values

12

Decision

Decision by competent authority on immediate
action

No action required
Risk management is required
Cultivation has to be suspended

of the assumptions made in the ERA prior to commercial
approval is thus not per se mandatory.
Phase II: Determining the scale of CSM
Step four aims at defining the effect sizes that have to be
considered in CSM (Tab. 2). CSM is usually hypothesisdriven, i.e. one tests if expected effects do occur during
cultivation of a specific GMP. The detection of environmental effects is closely related to the sensitivity or the
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discriminatory power of the test used (for review see Fairweather, 1991; Marvier, 2002). The required sample size
thereby is inversely proportional to the expected effect
size, i.e. increased sample sizes are required to detect
smaller effects (Lang, 2004). In order to reduce costs, one
aims to keep sample sizes as low as possible. It is consequently crucial to pre-define the effect size that needs to
be detectable for each indicator. For the Farm-Scale Evaluation project in the UK, detection of a 1.5-fold difference was chosen as effect size and a power analysis
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Figure 2. Differences in the questions investigated during pre-market risk assessment and the effects monitored during post-market monitoring. Possible effects of
genetically modified plants (GMPs) can be subdivided into consecutive steps (no. 1 to no. 4). Possible indicators for post-market monitoring are proposed. The authors
do not consider horizontal gene transfer as a possible risk that should be part of a post-market monitoring program.
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suggested that a replication of about sixty fields per crop
over three years was needed to provide sufficient information for valid statistical inferences (Perry et al., 2003).
Although sixty fields represent a rather large number of
samples, a 1.5-fold difference in population sizes appears
quite drastic. Consequently, the aim to detect a 5% or a
50% difference in the population sizes of a species can
have a considerable impact on the sampling effort needed
(Lang, 2004). In the last two steps of this second phase,
where and for how long CSM needs to be performed
should also be defined. According to EU Directive 2001/
18/EC, the time period may not necessarily correspond to
the ten year period given for the consent (European Community, 2001), but it could be extended beyond the consent period for detection of delayed effects (ACRE,
2004). However, it is important to consider that the lifespan of modern crop varieties may be shorter than the ten
year period. While during the 1980s the average life-span
of an oilseed rape cultivar, for example, was about ten
years, it dropped to three years by 1997 (Lindner, 2004).
Therefore, it might become difficult to perform CSM
over a long period of time for a specific GMP variety.
Phase III: Planning the operational CSM
program
Step seven consists in selecting specific indicators to test
the specified hypothesis (Tab. 2). The term indicator is
used according to Duelli and Obrist (2003a), who defined
that “an indicator should be a measurable portion of an
entity that correlates with this larger entity”. The safeguard subject “biodiversity in agricultural landscapes”
could be such an entity, while the biodiversity of butterflies could represent one indicator among others, used to
represent the biodiversity of agricultural landscapes. For
biodiversity assessments, several indicators such as
flowering plants, birds, and butterflies are often combined to assure the quality of the data obtained (Hintermann
et al., 2002; Jeanneret et al., 2003). The term parameter is
used as contributory to the term indicator, since an indicator is often assessed by the measurement of several
parameters. Indicators for CSM have to be selected
according to the effect that has to be monitored, or more
generally, according to the hypothesis that has to be tested. Since every risk category can be subdivided into
several steps, it is important to determine at what step the
effects are best monitored (Fig. 2). Taking the possible
risk of introgression from genetically modified plants
into wild relatives as an example, PMRA will mainly
have allowed to determine how far pollen can disperse,
how frequently gene flow occurs, whether resulting
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hybrids are viable and fertile, and whether the transgene
confers increased fitness. Since pollen dispersal and gene
flow do not per se represent ecologically adverse effects,
monitoring transgenic pollen dispersal would be an inappropriate indicator to assess introgression. PMM should
rather concentrate on assessing the establishment and
spread of hybrid plants and determine whether they
replace other species, due to increased fitness acquired by
the uptake of genetically engineered DNA sequences.
Based on experience with a monitoring program on
biodiversity in agricultural landscapes (Jeanneret et al.,
2003), we underline the importance of the indicator selection process. The selection of species or groups of species
should be based on objective criteria (Tab. 3) to assure
quality and acceptability of the indicators (Hunsaker,
1993; Noss, 1990; Pearson, 1995; Stork and Samways,
1995). Beside pure scientific criteria, the selection could
also be driven by social, ethical and economic factors.
Indicators may to a certain degree be selected based on
their perceived value for the society, such as flagship species, which serve as symbols for conservation awareness
(e.g. butterflies and bees). In addition, specific trigger
values should be defined for each indicator selected, in
order to allow for later data evaluation and decision making in the operational CSM program. The function of
these trigger values is to initiate subsequent action by
competent authorities. Since selection criteria for a robust
indicator include knowledge on natural variability of the
species selected, a definition of an approximate trigger
value should be based on existing scientific knowledge.
However, if definition of trigger values is not possible
due to incomplete ecological knowledge, the selected
indicator may not be suited for the assessment of possible
adverse effects on biological diversity. The indicator
selection process should be followed by the selection of
an appropriate method for indicator assessment, i.e. a feasibility study, in which experts have to determine in detail
how selected indicators can be assessed. Feasibility studies include the definition of the organization structure
needed to perform data collection and management, as
well as the determination of synergies with existing monitoring programs.
In some cases it may be difficult to relate environmental effects that could be detected during CSM unambiguously to the GMP or its cultivation. All crops and all
farming systems do cause environmental impacts, and the
effects detected could have been caused by other factors
than the GMP. Furthermore, a range of environmental
stresses, like weather conditions, might have an important additional impact on ecological parameters. An unbiased evaluation therefore has to consider a reference
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Table 3. Criteria for the selection of species or groups of species for the assessment of biological diversity (according to
Hunsaker, 1993; Noss, 1990; Pearson, 1995; Stork and Samways, 1995). Specific criteria relevant for indicators for case-specific
monitoring of genetically modified plants (GMPs) are added.
General criteria
1

The taxonomy of the group is well known and its identification is easy

2

The functional importance of the group within the ecosystem is known

3

The higher taxa occur over a broad geographical range

4

The populations of a single species are closely associated to a specific habitat

5

The populations are readily monitored, i.e. the species are always present and easy to locate

6

The taxonomic and ecological diversity is high, i.e. there are many species in each habitat

7

The indicator taxon should be sufficiently sensitive and responsive to changes in order to provide an early warning

8

Monitoring is easy and inexpensive
Specific criteria relevant for GMPs

9

The higher taxa occupy a spectrum of habitats in the agricultural landscape

10

The indicator taxon shows patterns of sensitivity to a specific GMP or to changes in agricultural management practices
related to GMPs

system, which displays the environmental effects occurring without the cultivation of GMPs. For CSM, a comparable cropping system without GMP could serve as a
parallel control. The evaluation of CSM requires the
comparison of both crop systems in parallel over the
same period of time and in a comparable ecosystem. Nevertheless, a paired comparison might become difficult in
practice, if for example the non-transgenic control is not
cultivated in the same region or in a comparable agricultural landscape. An additional difficulty could arise from
differences in crop management techniques for GM and
non-GM plants. For example, GM herbicide-tolerant
crops should be managed best by using a no-till strategy,
while this technique may not be advisable for cropping
systems based on conventionally bred plants. The last
step in the planning phase involves the design of sampling plans based on the feasibility study. For each indicator the set of parameters has to be defined and the
extent of sampling has to be specified. This allows determination of resources and funding needed to perform the
CSM program.
Phase IV: Running the operational CSM program
The first two steps of the operational monitoring program
will involve data collection, analysis, and evaluation
(steps ten and eleven, Tab. 2), where the consent holder
or a contractor will in most cases perform all three operations. The competent authority, however, will also have
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to perform a separate data evaluation. Data evaluation
clearly needs to consider effects of all currently applied
agricultural practices. Intensification of agriculture, for
example had a range of impacts on biodiversity, with
widespread declines in the diversity of many groups of
organisms associated with farmland in Europe (Hails,
2002; Robinson and Sutherland, 2002). If a parallel control with a comparable cropping system without GMP is
not possible, environmental impacts of GMP cultivation
need to be compared to the effects caused by current agricultural practice. While the cultivation of Bt maize for
example may have weak effects on non-target arthropods, the use of a synthetic insecticide can significantly
affect a large number of plant dwelling non-target arthropods (Candolfi et al., 2004). Step 11 leads to a conclusion
whether the formulated hypothesis can be confirmed or
rejected.
In the last step, the competent authority has to consider two questions (1) have any relevant adverse effects
been detected during CSM, and (2) if relevant adverse
effects have been detected, do they exceed the defined
trigger value. If a relevant adverse effect or damage can
be excluded based on the pre-determined trigger value,
CSM can be terminated. If the trigger value has been
exceeded, the competent authority will have to decide if
immediate corrective action relating to GMP cultivation
is needed in order to avoid environmental damage. Possible measures include termination of the cultivation of that
GMP variety, suspension of the consent for cultivation
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Table 4. Procedure to be followed while developing a monitoring plan for general surveillance of genetically modified plants
(GMPs).
Step

Description

1

Definition of safeguard subjects

Which safeguard subjects should not be affected by the cultivation of GMPs?

2

Collection of reports on adverse
incidents

Collect reports on adverse incidents via existing surveillance programs and reporting system on adverse environmental effects

3

Analysis of reports on adverse
incidents

Detect changes that lie outside of expected variation

4

Valuation of reports on adverse
incidents

Decide if relevant changes represent an environmental damage

5

Determination of likelihood to
GMP cultivation

Determine if causality to the cultivation of a specific GMP is likely
Decide if cultivation of a specific GMP must be suspended

6

Determination of causality to
GMP cultivation

Determine causality through risk assessment study

7

Final decision

Decide if causality is unambiguous and the consent for cultivation of a specific GMP has to
be withdrawn

followed by further risk assessment studies, or specific
risk mitigation measures. The final decision on renewal
of consent (ERA III), on the other hand, will consider all
results of the various CSMs for a specific GMP that have
been performed in different regions and possibly with
different designs.

CONCEPTUAL STRUCTURE FOR GENERAL
SURVEILLANCE
General surveillance follows a different approach than
CSM (Tab. 4), since it is not based on anticipated risks of
a specific GMP, but has the scope to detect unexpected
changes in the environment (see above Principles of environmental monitoring programs). There is an inherent
challenge in trying to detect the unexpected. Due to its
scope, general surveillance must therefore concentrate on
the environmental subjects that need to be preserved,
rather than focusing on a specific hypothesis, as is done
for CSM. However, since the term environment is much
too unspecific for practical use, there is a need for defining specific safeguard subjects, which will be the focus
of general surveillance.
Defining safeguard subjects for general
surveillance
The protection of natural resources is primarily dominated by factors necessary for humans and the society, such
as the quality of air and water as fundamentals for life, or
the fertility of the soil as prerequisite for a sustainable
agriculture. Natural resources that should not be affected
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by the cultivation of GMPs are identical to those that
should not be affected by agriculture in general. Among
other fields, the OECD has identified key agri-environmental issues for soil, water, air and biodiversity, which
may reflect changes in the environment caused by agricultural practice (OECD, 1997). When taking into
account possible effects that could arise from the cultivation of various GMPs, these key issues could be adapted
to define safeguard subjects for general surveillance
(Tab. 5).
Collecting reports on adverse incidents
in general surveillance
Reporting systems as part of risk management after commercial approval already exist in other fields, such as
pharmaceuticals and medical devices (FDA, 2005;
MHRA, 2005). These reporting systems are maintained
by regulatory authorities, and aim to collect reports on
adverse incidents or serious problems detected and reported by healthcare professionals, manufacturers and consumers. The programs allow to report incidents either by
sending in specific forms or by using an online reporting
system (FDA, 2005; MHRA, 2005). Collected data is
used as a basis to decide whether corrective action is needed to prevent possible harm. Taking these existing
reporting systems for healthcare products as an example,
it may be possible to build up similar reporting systems
for general surveillance of GMPs, using e.g. specific
questionnaires, forms and online reporting systems.
There exist various organizations that will be able to
report adverse effects occurring in the environment. It is
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Table 5. Safeguard subjects to be covered by general surveillance, plus possible unanticipated effects that could occur in
agricultural landscapes due to the cultivation of genetically modified plants (GMPs).
Safeguard subject

Possible unanticipated effects of GMPs or their use

Biodiversity

Adverse effects on biodiversity (species, habitats and landscapes) due to the cultivation of GMPs,
especially:
– the spread of transgenic plants in habitats, where an occurrence would be unusual
– the spread of certain plant species due to selection advantages of transgenic hybrids
– an increased mortality of prominent non-target organisms
– an increase of pests, diseases and weeds due to changes in cropping systems, e.g. soil tillage, cropping
intervals, pesticide use etc.
– an increase of resistant target organisms due to insufficient resistance management
– the spread of herbicide tolerant weeds

Soil

Effects on soil functions caused by environmentally and/or ecotoxicologically relevant transgenic products
Adverse effects on soil fertility and soil functions due to increased erosion or compaction which is caused
by the cultivation of GMPs

Water

Pollution of water caused by environmental and/or ecotoxicologically relevant transgenic products
Pollution of water due to an increased application of fertilizer or pesticides caused by the cultivation of
GMPs

Air / climate

Increase of climate relevant gases and volatile organic compounds due to the cultivation of GMPs

likely that most of the unanticipated effects will be
related to agricultural practices and will occur in the agricultural landscape (Tab. 5). Effects such as the increase
of pests and diseases, or the occurrence of new weeds,
would be observed first by farmers working in the field,
or by personnel working in close relation to the topic,
such as plant protection services. Effects on biodiversity,
like unusual spread of certain plant species, or increased
mortality of prominent non-target organisms, may be
more difficult to observe. Nature protection organizations, bird watching societies and bee-keepers have an
ecological knowledge of their respective field, and they
are likely to detect unanticipated ecological changes that
lie outside of the expected variations they have experienced over years. Specific national biodiversity monitoring programs such as the Swiss Biodiversity Monitoring
(BDM) (Hintermann et al., 2002) can also be used for
general surveillance. The Swiss BDM combines existing
data series on the presence and distribution of species,
with an additional data collection of new biodiversity
indicators using standardized sampling methods and a
regular sampling grid. In contrast to many existing
programs, which often focus on rare species, the BDM
concentrates on common and widespread species. By surveying species that are typical of the prevailing landscapes, the BDM program aims at providing evidence for
significant changes in large areas. To detect environmental effects other than those occurring on biodiversity,
national or regional water quality surveys, soil quality or
air monitoring programs could also be used for general
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surveillance. Unanticipated effects will only be detectable by relying on these existing programs.
According to Directive 2001/18/EC, the main responsibility for general surveillance lies within the consent
holder. The consent holder has to provide organizational
structures, and show how it intends to retrieve relevant
information collected through established routine programs (European Council, 2002). We believe that governmental structures have to be established at an early
stage, in order to centralize collection and analysis of
reports on adverse incidents, or at least evaluation of
these reports. An organizational structure involving three
different bodies is proposed (Fig. 3). Collection and analysis of reports on adverse incidents could be performed
by a central reporting office, while the evaluation and
subsequent decision processes could be performed by a
decision-making authority. Both offices could be part of
the competent authorities of their respective countries
and possibly linked within the EU. For guidance on scientific questions, the two offices could consult an expert
panel, which could be composed of scientists from various fields, e.g. environmental sciences, agriculture, biology, and statistics.
Analyzing reports on adverse incidents from
general surveillance
The linkage of reports on adverse incidents originating
from various sources will represent a challenge for the
central reporting office. In contrast to CSM, the data is
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Figure 3. Possible organization structure for general surveillance of genetically modified plants (GMPs) involving several
existing monitoring programs related to agricultural landscapes. A central reporting office would collect and analyze reports on
adverse environmental effects while valuation of reports and the subsequent decision process could be performed by a decisionmaking authority. For guidance on scientific questions both offices could consult an expert panel.

not deriving from scientifically designed studies but
rather from observations, which may be biased by subjective perception of the observer. Analysis consists in identifying similarities and correlations among the reports,
such as the accumulation of events in certain areas or for
certain safeguard subjects. A multitude of reports has to
be compared to the baseline of existing knowledge in
order to identify exceptional changes. In addition, there
exists knowledge on species distribution and on ecological interactions occurring in agricultural landscapes
(Swiss Web Flora, 2004). Although these studies are
often restricted to a specific country or region, they may
provide important information, and be of assistance in
decision-making. In Switzerland for example, studies on
biodiversity and ecological changes occurring in agricultural habitats have been performed for vegetation (Dietl,
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1995; Studer-Ehrensberger, 1995), birds (Schifferli,
1999, 2001) and invertebrates (Duelli, 1997; Duelli and
Obrist, 1998, 2003b).
Inherent to the concept of general surveillance is the
fact that a practicable program will only be able to detect
major environmental changes. We believe that minor
environmental changes, i.e. small effect sizes, will not be
detectable by general surveillance, simply because these
effects will not be noticed. One might criticize this as a
weak point of the proposed model, but the model would
guarantee that the reported effects have been weighed,
based on the knowledge of the reporting person and the
judgment of its significance in the respective ecological
context. In addition, we believe that the model is a costeffective possibility to fulfill the requirements of general
surveillance.
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Evaluating reports on adverse incidents from
general surveillance and determining the
likelihood with GMPs
After consultation with the scientific expert panel, the
central reporting office would report relevant environmental changes to the decision-making authority.
Evaluation of reports on adverse incidents by the decision-making authority will have to answer two questions:
(1) do the relevant changes represent an environmental
damage and (2) if they represent an environmental
damage, is it likely that these changes have been caused
by GMP cultivation. In most cases, it may be impossible
to establish causality to the cultivation of GMPs, since
many other factors may be the cause of environmental
changes. If it is regarded likely that the cultivation of a
specific GMP has caused that damage, the causality will
have to be determined through specific risk assessment
studies. First, reasonable risk assessment studies will
need a plausible hypothesis, which links the detected
damage to a specific GMP cultivation. Determination of
causalities should also consider data from PMRA and the
corresponding CSM of this specific GMP, and aim to link
these results with the hypotheses derived from general
surveillance. The decision-making authority will also
have to decide whether approval for cultivation of a specific GMP must be suspended or other precautionary
measures taken.
Determining possible causalities with GMPs and
taking a final decision
The risk assessment studies to determine the causality
between a GMP and the detected change will have to be
performed on a similar basis as the studies performed
during PMRA. Causalities can be confirmed or rejected
by testing specific hypotheses. The results of the studies
will have to be presented to the central reporting office,
which will summarize them and present a report to the
decision making authority (Fig. 3). They will finally
decide if the causality is unambiguous, and risk mitigation measures have to be undertaken, or consent for the
cultivation of a specific GMP has to be withdrawn.

CONCLUSIONS
Environmental PMM of GMPs represents a new challenge for farmers, the agricultural industry, scientists and
regulators, since comparable monitoring programs have
not to be performed for conventional crops. However, the
challenge to obtain information on the state of the envi-
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ronment is not new, and the underlying principles have
been established previously. Although these monitoring
programs were originally designed for general environmental protection, the inherent principles remain also
valid for environmental PMM of GMPs. The existing
experience documented in the literature shows that monitoring programs require defined aims and a rigid structure
in order to provide the desired information. PMRA and
PMM are two different phases during the development
and commercialization of a GMP. While the character of
the activities during PMRA still remains related to
research, PMM activities are strongly related to the
implementation and enforcement of legal requirements.
Competent authorities will make decisions on maintaining consents for GMP cultivation based on the results of
PMM. PMM is composed of two conceptually different
programs. CSM focuses on potential risks and effects of
a specific GMP that need to be monitored. This requires
definition of effect sizes and detection limits. Therefore,
standardized methods and protocols have to be developed
for CSM. The focus for general surveillance lies on unanticipated effects in the environment, which will only be
detectable by using existing monitoring networks. Both
programs have to be designed and implemented according to a pragmatic and realistic approach to be feasible.
Competent authorities can support this approach by
applying comparable valuation criteria for the effects of
GMP cultivation as for effects caused by current agricultural practice.

ACKNOWLEDGEMENTS
We are grateful to Philippe Jeanneret for helping with the
literature on indicator selection for biodiversity assessments and to Jörg Romeis for helpful comments on the
manuscript. The study was funded by the Swiss Agency
for the Environment, Forests and Landscape.

Received September 16, 2004; accepted April 20, 2005.

REFERENCES
ACRE (2004) Guidance on best practice in the design of postmarket monitoring plans in submission to the advisory
committee on releases to the environment. Department for
Environment, Food and Rural Affairs – Advisory Committee
on Releases to the Environment, London, published at:
http://www.defra.gov.uk/environment/acre/postmarket/acre_
postmarketmonitor-guidance.pdf
Ammann K (2004) The role of science and discourse in the
application of the precautionary approach (PA). In Fischer R,

25

O. Sanvido et al.

Schillberg S, eds, Molecular farming, plant-made
pharmaceuticals and technical proteins. Vol. 1. Wiley-VCH
Verlag GmbH & co. KGaA Weinheim, pp 291–302
Candolfi MP, Brown K, Grimm C, Reber B, Schmidli H
(2004) A faunistic approach to assess potential side-effects of
genetically modified Bt-corn on non-target arthropods under
field conditions. Biocontrol Sci. Technol. 14: 129–170
CBD (2000) Cartagena protocol on biosafety to the Convention
on Biological Diversity. Secretariat of the Convention on
Biological Diversity, Montreal, published at: www.biodiv.org/
doc/legal/cartagena-protocol-en.pdf
Conner AJ, Glare TR, Nap J-P (2003) The release of
genetically modified crops into the environment. Part II.
Overview of ecological risk assessment. Plant J. 33: 19–46
Dale PJ, Clarke B, Fontes EMG (2002) Potential for the
environmental impact of transgenic crops. Nat. Biotechnol.
20: 567–574
Dietl W (1995) Wandel der Wiesenvegetation im Schweizer
Mittelland. Z. Ökol. Natursch. 4: 239–249
Duelli P (1997) Biodiversity evaluation in agricultural
landscapes: an approach at two different scales. Agric.
Ecosyst. Environ. 62: 81–91
Duelli P, Obrist MK (1998) In search for the best correlates for
local organismal biodiversity in cultivated areas. Biodiversity
Conserv. 7: 297–309
Duelli P, Obrist MK (2003a) Biodiversity indicators: the
choice of values and measures. Agric. Ecosyst. Environ. 98:
87–98
Duelli P, Obrist MK (2003b) Regional biodiversity in
agricultural landscape: the contribution of seminatural habitat
islands. Basic Appl. Ecol. 4: 129–138
European Commission (2000a) Communication from the
Commission on the precautionary principle. Commission of
the European Communities, Brussels, published at: http://
europa.eu.int/comm/dgs/health_consumer/library/pub/pub07_
en.pdf
European Commission (2000b) First report on the
harmonisation of risk assessment procedures – Part 1 : The
Report of the Scientific Steering Committee's Working Group
on Harmonisation of Risk Assessment Procedures in the
Scientific Committees advising the European Commission in
the area of human and environmental health. European
Commission – Health & Consumer Protection DirectorateGeneral, Brussels, published at: http://europa.eu.int/comm/
food/fs/sc/ssc/out83_en.pdf
European Commission (2002) Commission decision of 24
July 2002 establishing guidance notes supplementing Annex
II to Directive 2001/18/EC of the European Parliament and of
the Council on the deliberate release into the environment of
genetically modified organisms and repealing Council
Directive 90/220/EEC. Commission on the European
Communities, Brussels

26

European Community (2001) Directive 2001/18/EC of the
European Parliament and of the council of 12 March 2001 on
the deliberate release into the environment of genetically
modified organisms and repealing Council Directive 90/220/
EEC. European Parliament and the Council of the European
Union, Brussels
European Council (2002) Council decision of 3 October 2002
establishing guidance notes supplementing Annex VII to
Directive 2001/18/EC of the European Parliament and of the
Council on the deliberate release into the environment of
genetically modified organisms and repealing Council
Directive 90/220/EEC. The Council of the European Union,
Luxemburg
European Union (2003a) Regulation (EC) No. 1830/2003 of
the European Parliament and of the Council of 22 September
2003 concerning the traceability and labelling of genetically
modified organisms and the traceability of food and feed
products produced from genetically modified organisms and
amending Directive 2001/18/EC. European Parliament and
the Council of the European Union, Brussels
European Union (2003b) Regulation (EC) No. 1829/2003 of
the European Parliament and of the Council of 22 September
2003 on genetically modified food and feed. European
Parliament and the Council of the European Union, Brussels
Fairweather PG (1991) Statistical power and design
requirements for environmental monitoring. Aus. J. Mar.
Fresh. Res. 42: 555–567
FDA (2005) How to report problems with products regulated by
FDA. US Food and Drug Administration. www.fda.gov/opacom/
backgrounders/problem.html
FrSV (SR 814.911) Verordnung über den Umgang mit
Organismen in der Umwelt (Freisetzungsverordnung).
Systematische Sammlung des Bundesrechts, Bern
GTG (SR 814.91) Bundesgesetz über die Gentechnik im
Ausserhumanbereich (Gentechnikgesetz). Systematische
Sammlung des Bundesrechts, Bern
Hails RS (2002) Assessing the risks associated with new
agricultural practices. Nature 418: 685–688
Hellawell JM (1991) Development of a rationale for
monitoring. In Goldsmith B, ed, Monitoring for Conservation
and Ecology. Chapman and Hall London, pp 1–14
Hill RA, Sendashonga C (2003) General principles for risk
assessment of living modified organisms: Lessons from
chemical risk assessment. Environ. Biosafety Res. 2: 81–88
Hintermann U, Weber D, Zangger A, Schmill J (2002)
Biodiversity Monitoring in Switzerland BDM – interim
report. Environmental series. No. 342 Swiss Agency for the
Environment, Forests and Landscape, Berne, published at:
www.umwelt-schweiz.ch/buwal/shop/files/pdf/phpamJ0T6.pdf
Hunsaker CT (1993) New concepts in environmental
monitoring: the question of indicators. Sci. Tot. Environ.
Supplement: 77–95

Environ. Biosafety Res. 4, 1 (2005)

Conceptual framework for GMO monitoring

Jaffe G (2004) Regulating transgenic crops: a comparative
analysis of different regulatory processes. Transgenic Res.
13: 5–19

Biodiversity, Measurements and Estimation. Chapman and
Hall London, pp 75–79

James C (2004) Preview: Global status of commercialized
transgenic crops 2004. ISAAA Briefs No. 32, ISAAA, Ithaca,
NY

Perry JN, Rothery P, Clark SJ, Heard MS, Hawes C (2003)
Design, analysis and statistical power of the Farm-Scale
Evaluations of genetically modified herbicide-tolerant crops.
J. Appl. Ecol. 40: 17–31

Jeanneret P, Schüpbach B, Luka H (2003) Quantifying the
impact of landscape and habitat features on biodiversity in
cultivated landscapes. Agric. Ecosyst. Environ. 98: 311–320

Pretty J (2001) The rapid emergence of genetic modification in
world agriculture: contested risks and benefits. Environ.
Conserv. 28: 248–262

Lang A (2004) Monitoring the impact of Bt maize on butterflies
in the field: estimation of required sample sizes. Environ.
Biosafety Res. 3: 55–66

Robinson RA, Sutherland WJ (2002) Post-war changes in
arable farming and biodiversity in Great Britain. J. Appl.
Ecol. 39: 157–176

Levidow L (2003) Precautionary risk assessment of Bt maize:
what uncertainties? J. Invertebr. Pathol. 83: 113–117

Schifferli L (1999) Distribution and habitat use of bird species
breeding on Swiss farmland in relation to agricultural
intensification. Vogelwelt 120: 151–161

Lindner B (2004) Economic issues for plant breeding – public
funding and private ownership. Agribusiness Review 12:
Paper 6
Marvier M (2002) Improving risk assessment for nontarget
safety of transgenic crops. Ecol. Appl. 12: 1119–1124
MHRA (2005) Reporting adverse incidents. UK Medicines and
Healthcare products Regulatory Agency. www.medicaldevices.gov.uk/mda/mdawebsitev2.nsf/webvwSectionsMDA/
Reporting+adverse+incidents?Open

Schifferli L (2001) Birds breeding in a changing farmland. Acta
Ornith. 36: 35–51
Stork NE, Samways MJ (1995) Inventorying and Monitoring.
In Heywood VH, Watson RT, eds, Global biodiversity
assessment. Cambridge University Press, pp 453–542
Studer-Ehrensberger K (1995) Geschichte und Naturschutz
von artenreichen Kulturwiesen in der Schweiz: eine
Zusammenschau. Bot. Helvet. 105: 3–16

National Research Council (2002) Environmental effects of
transgenic plants – the scope and adequacy of regulation.
National Academy Press, Washington DC

Swiss Web Flora (2004) Swiss Federal Institute for Forest,
Snow and Landscape Research, 2000. www.wsl.ch/land/
products/webflora/welcome-de.ehtml

Noss RF (1990) Indicators for Monitoring Biodiversity – a
Hierarchical Approach. Conserv. Biol. 4: 355–364

Vos P, Meelis E, Ter Keurs WJ (2000) A framework for the
design of ecological monitoring programs as a tool for
environmental and nature management. Environ. Monit.
Assess. 61: 317–344

OECD (1997) Environmental Indicators for Agriculture,
Volume 1: Concepts and Framework. Organisation for
Economic Co-Operation and Development, Paris
Pearson DL (1995) Selecting indicator taxa for the quantitative
assessment of biodiversity. In Hawksworth DL, ed,

Environ. Biosafety Res. 4, 1 (2005)

Wolfenbarger LL, Phifer P (2000) The ecological risks and
benefits of genetically engineered plants. Science 290: 2088–
2093

27

