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ABSTRACT 
The EFSA guidance document describes the general principles for the risk assessment of GM plants, (including 
molecular characterisation, food and feed safety and environmental risk assessment, ERA) and has been updated 
respectively in 2005, 2006 and 2008. More recently, the environmental part of the EFSA guidance document has 
been revised. This document provides the most recent update of the ERA part of the guidance document of GM 
plants. The ERA should be carried out on a case-by-case basis, following a step-by-step assessment approach. In 
first instance, the EFSA GMO Panel describes the 6 steps for the ERA of GM plants, as described in Directive 
2001/18/EC, starting with i) a problem formulation including hazard identification; ii) hazard and iii) exposure 
characterisation; iv) risk characterisation; v) risk management strategies and vi) an overall risk evaluation. The 
EFSA GMO Panel considered 7 specific areas of concern to be addressed by applicant and/risk assessors during 
its evaluation i) the potential persistence or invasiveness of the plant itself, or of its wild relatives, addressed by 
a “staged approach” including a figure outlining the approach; ii) plant to micro-organisms gene transfer; iii) 
potential interaction of the GM plant with target organisms and iv) with non-target organisms including criteria 
for selection of appropriate NTO species selection and relevant functional groups; v) potential impact of the 
specific cultivation, management and harvesting techniques including the consideration of the production 
systems and the receiving environment(s); vi) effect of biogeochemical processes and vii) potential effects on 
human and animal health. Each specific area of concern is developed in a structured and systematic way through 
the 6 above mentioned steps. In addition, the EFSA GMO Panel supplemented its guidance document with 
several general cross-cutting considerations (e.g. choice of comparator, receiving environments, general 
statistical principles, long-term effects) that need to be considered during the ERA of the GM plant. The present 
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document provides guidance to risk assessors for assessing potential effects of GM plants into the environment 
and the rationales for data requirements in order to complete a comprehensive ERA of GM plants.  

 

KEY WORDS 
GM plant, GMO, guidance document, environmental risk assessment, environmental safety, import, processing, 
cultivation, Regulation (EC) No. 1829/2003, Directive 2001/18/EC. 
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SUMMARY 
 
This document provides guidance for the Environmental Risk Assessment (ERA) of GM plants 
submitted within the framework of Regulation (EC) No. 1829/2003 on GM food and feed (e.g. EC, 
2003) or under Directive 2001/18/EC on the deliberate release into the environment of GMOs (EC, 
2001). 

The ERA of GM plants involves generating, collecting and assessing information on a GM plant in 
order to determine its impact on human/animal health and the environment relative to non-GMO’s, 
and thus assessing its relative safety.  

ERA should be carried out in a scientifically sound and transparent manner based on available 
scientific and technical data and on common methodology for the identification, gathering and 
interpretation of the relevant data. Tests, data and measurements done should be clearly described as 
well as the assumptions made during the ERA. In addition, the use of scientifically sound modelling 
approaches could provide further information useful for ERA. Sufficient scientific data must be 
available in order to arrive at qualitative/quantitative risk estimates. 

The ERA should follow a step-by-step assessment approach. In first instance, the EFSA GMO Panel 
describes the 6 steps for the ERA of GM plants, as described in Directive 2001/18/EC, starting with 
(1) a problem formulation including hazard identification; (2) hazard and (3) exposure 
characterisation; (4) risk characterisation; (5) risk management strategies and (6) an overall risk 
evaluation.  

Each risk assessment begins with a problem formulation in which the most important questions that 
merit detailed risk characterisation are identified. Problem formulation helps to make the risk 
assessment process transparent by explicitly stating the assumptions underlying the risk assessment. 
At the end, the overall risk evaluation should result in informed qualitative, and if possible 
quantitative, advice to risk managers, outlining the nature and magnitude of uncertainties associated 
with the identified risks. The implications of the risk assessment for risk management measures should 
also be assessed.  

The EFSA GMO Panel considered 7 specific areas of concern to be addressed by applicant and/risk 
assessors during its evaluation i) the potential persistence or invasiveness of the plant itself, or of its 
wild relatives, addressed by a “staged approach”; ii) plant to micro-organisms gene transfer; iii) 
potential interaction of the GM plant with target organisms and iv) with non-target organisms 
including criteria for selection of appropriate NTO species and relevant functional groups for tisk 
assessment; v) potential impact of the specific cultivation, management and harvesting techniques 
including the consideration of the production systems and the receiving environment(s); vi) effect of 
biogeochemical processes and vii) potential effects on human and animal health. Each specific area of 
concern is developed in a structured and systematic way through the 6 above mentioned steps.  

The ERA should follow a weight of evidence approach considering intended and unintended effects.  

The ERA should be carried out on a case-by-case basis, meaning that the required information may 
vary depending on the type of the GM plants and trait(s) concerned, their intended use(s), and the 
potential receiving environment(s). Any necessary information for ERA can be collected via a) field-
generated data (from field trials, field surveys, semi-field trials, and/or agronomic field trials), b) 
molecular characterisation data, c) compositional analysis data (possibly extended), d) 
ecotoxicological testing, e) modelling, and/or f) desk and literature studies. 

In addition, the EFSA GMO Panel supplemented its guidance document with several general cross-
cutting considerations that need to be considered during the ERA of the GM plant (e.g. choice of 
comparators, receiving environments, general statistical principles, long term effects, stacked events).  
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The GMO Panel proposes a step-wise selection process of relevant receiving environments to be 
addressed for ERA of a GM plant in question. Applicants should follow general statistical principles 
as outlined in this document. If experimental studies are being used they should allow testing for 
difference and equivalence. The GMO Panel also provides statistical guidance for specification of 
effect size, limits of concern, power analysis, experimental design, analysis and reporting. 
Recommendations are given how to address uncertainty.  

The assessment of long-term effects requires specific information sources and techniques, including 
experimental and theoretical methodologies, and recommendations for establishing relevant baseline 
information. Further, GM plants containing stacked transformation events are considered with respect 
to specific areas of risk. 

The present document provides guidance to risk assessors for assessing potential effects of GM plants 
into the environment and the rationales for data requirements in order to complete a comprehensive 
ERA of GM plants, and to draw conclusions for the post market environmental monitoring (PMEM). 

 
. 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION (DG ENVIRONMENT) AND 87 
EFSA 88 

 89 

The EFSA GMO Panel regularly reviews its Guidance Document in the light of experience gained, 90 
technological progress and scientific developments.  91 

The Guidance Document of the Scientific Panel on Genetically Modified Organisms for the Risk 92 
Assessment of Genetically Modified Plants and Derived Food and Feed, adopted by the EFSA GMO 93 
Panel on 24 September 2004, was updated in 2005, with a chapter on general surveillance of 94 
unanticipated effects of the genetically modified (GM) plant as part of the post-market environmental 95 
monitoring (published in May 2006) and further updated in 2008 (EFSA, 2009f). Moreover, in May 96 
2008, the EFSA GMO Panel adopted an updated version of its Guidance Document for the Risk 97 
Assessment of GM Plants and Derived Food and Feed. This updated version was submitted for public 98 
consultation (EFSA, 2009f). 99 

The present Environmental Risk Assessment (ERA) Guidance Document (GD) has been prepared by 100 
expanding and completing all sections of the above EFSA GD (EFSA, 2006a) in accordance with 101 
current existing legislations, experience gained during the risk assessment of applications, the outcome 102 
of a self-tasking activity on non-target organisms4,the outcome of the sub working group on statistical 103 
consideration for ERA, additional guidance on stacked events5 and in response to a mandate (the 104 
General Mandate) from DG Environment of the European Commission6.  105 

The present draft GD provides detailed update of the ERA guidance by the EFSA GMO Panel, 106 
consisting of the following members: 107 

Hans Christer Andersson, Salvatore Arpaia, Detlef Bartsch, Josep Casacuberta, Howard Davies, 108 
Patrick du Jardin, Gerhard Flachowsky, Lieve Herman, Huw Jones, Sirpa Kärenlampi (vice-chair), 109 
Jozsef Kiss, Gijs Kleter, Harry Kuiper (chair), Antoine Messéan, Kaare Magne Nielsen, Joe Perry 110 
(vice-chair), Annette Pöting, Jeremy Sweet, Christoph Tebbe, Atte Johannes von Wright and Jean-111 
Michel Wal. 112 

EFSA created three working groups to address these mandates which worked in parallel: 113 

 The sub-Environmental Risk Assessment Working Group on the ERA GMO Panel Guidance 114 
Document (sub-ERA GD WG): the sub-ERA GD WG was created in October 2008. The sub-ERA 115 
GD WG is responsible for the update of the environmental chapters of the GD in relation to the 116 
four issues mentioned in the General Mandate of DG Environment as well as the update of all 117 
other chapters of the ERA GD. The WG was composed of: Detlef Bartsch (chair) (GMO Panel 118 
member), Cristina Chueca, Adinda De Schrijver, Yann Devos (EFSA GMO unit), Achim 119 
Gathmann, Rosie Hails, Antoine Messéan (GMO Panel member), Joe Perry (GMO Panel 120 
member), Lucia Roda, Angela Sessitsch, Geoff Squire and Jeremy Sweet (vice-chair) (GMO Panel 121 
member). The WG was supported by Karine Lheureux and Sylvie Mestdagh from the EFSA GMO 122 
unit,  123 

 The Self-Tasking Working Group on Environmental Impacts of GM plants on Non-Target 124 
Organisms (NTO WG): the NTO WG was created in March 2008 following the recommendations 125 
made on NTO testing during the EFSA scientific colloquium entitled “Environmental risk 126 
assessment of GM plants – challenges and approaches” held in June 2007 (EFSA, 2008a). The 127 
NTO WG is responsible for harmonising different NTO testing approaches and for the 128 

                                                      
 
4 ESA-Q-2008-089 
5 http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902599859.htm 
6 EFSA-Q-2008-262 
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development of more detailed guidance in this area. The NTO WG contributed on the 129 
development of criteria for species and ecological functional group selection, experimental design 130 
of field studies for NTO tests, statistical analyses of NTO tests and considerations of the receiving 131 
environment(s). The WG was composed of: Salvatore Arpaia (chair) (GMO Panel member), 132 
Detlef Bartsch (GMO Panel member), Marc Delos, Achim Gathmann, Rosie Hails, Jozsef Kiss 133 
(vice-chair) (GMO Panel member), Paul Hening Krogh, Barbara Manachini, Joe Perry (GMO 134 
Panel member), Jeremy Sweet (GMO Panel member) and Claudia Zwahlen. The WG was 135 
supported by Sylvie Mestdagh and Yann Devos from the EFSA GMO unit,  136 

 The Statistics ERA Guidance Document Working Group (Statistics ERA GD WG): the Statistics 137 
WG was created in November 2005 to provide support in the context of the update of the EFSA 138 
GMO Panel GD (food-feed chapter). Following this activity, in March 2009, the Statistics ERA 139 
GD WG was created to provide support to the NTO WG and sub-ERA GD WG in particular to 140 
address the development of criteria for field trials and statistical analysis. The WG was composed 141 
of: Salvatore Arpaia (GMO Panel member), Marco Acutis, Detlef Bartsch (GMO Panel member), 142 
Rosie Hails, Antoine Messéan (GMO Panel member), Joe Perry (chair) (GMO Panel member), 143 
Jeremy Sweet (GMO Panel member) and Hilko Van Der Voet. The WG was supported by Claudia 144 
Paoletti from the EFSA GMO unit. 145 

 146 

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION (DG ENVIRONMENT) 147 
AND EFSA 148 

 149 

On March 17, 2008, the EFSA GMO Panel received a 24-month mandate from the European 150 
Commission (DG Environment) to further develop and update its guidelines as regards the 151 
environmental risk assessment and to cover the following points: 152 

1. Environmental risk assessment of potential effects of genetically modified plants on non-target 153 
organisms through 154 

 Development of criteria for the selection of non-target organisms and representative 155 
species thereof, focusing on arthropods and other invertebrates, and also considering 156 
other relevant non-target organisms in different trophic levels; 157 

 Selection and recommendation of appropriate method to study the potential effects on 158 
these non-target organisms; 159 

2. Development of criteria for field trials to assess the potential ecological effects of the GM 160 
plants in receiving environments (including experimental design and analysis to ensure 161 
sufficient statistical power); 162 

3. Identification of the EU geographical regions where the GM plants (combination crop + trait) 163 
may be released and the selection of representative receiving environment(s) which reflect the 164 
appropriate meteorological, ecological and agricultural conditions; 165 

4. Selection of appropriate techniques to assess potential long-term effects of GM plants 166 
including experimental and theoretical methodologies, and recommendations for establishing 167 
baseline information.  168 

In addition to the points raised by the mandate of European Commission, the EFSA GMO Panel is 169 
requested to 170 
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 revise/update all sections of the ERA GD in the light of the experience gained during the 171 
environmental risk assessment of applications including cultivation in their scope and latest 172 
scientific development;  173 

 include the outcome of the self-tasking working group on NTOs; 174 

 include a section related to GM Herbicide Tolerant crops; 175 

 include the outcome of the self-tasking working group on stacked events; 176 

 177 

The present Environmental Risk Assessment (ERA) Guidance Document (GD) is expanding and 178 
completing all sections of the ERA part of the EFSA Guidance Document (EFSA, 2006a) in 179 
accordance with current existing legislations, experience gained during the environmental risk 180 
assessment of applications, the outcome of a self tasking activity on Non-Target Organisms7,the 181 
outcome of the sub working group on statistical consideration for ERA, additional guidance on 182 
stacked events8 and in response to a mandate (the General Mandate) from DG Environment of the 183 
European Commission9.  184 

185 

                                                      
 
7 ESA-Q-2008-089 
8 http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902599859.htm 
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ASSESSMENT 186 

1. Introduction 187 

This document provides guidance for the ERA of GM plants10submitted within the framework of 188 
Regulation (EC) No. 1829/2003 on GM food and feed (EC, 2003) or under Directive 2001/18/EC on 189 
the deliberate release into the environment of GMOs (EC, 2001). The document provides in particular 190 
guidance on the drawing up of information to supplement Annex III B of the Directive 2001/18/EC 191 
(EC, 2001) on the preparation of the conclusion of the ERA as described in Annex II paragraph D.2 of 192 
that Directive and on the set up of an environmental monitoring plan according to Annex VII thereof. 193 

This updated ERA GD (ERA GD) of the EFSA GMO Panel on the Risk Assessment of GM plants 194 
and/or Derived Food and Feed replaces the ERA and supporting sections of the ‘Guidance Document 195 
for the Risk Assessment of GM Plants and Derived Food and Feed’ of May 2006 (EFSA, 2006b). 196 

This updated ERA GD provides detailed guidance to assist the applicant in the preparation and 197 
presentation of the ERA part of applications, according to Articles 5(8) and 17(8) of Regulation (EC) 198 
No. 1829/2003. This document addresses the requirements of the Regulation (EC) No. 1829/2003 set 199 
out in Articles 5(5)(a) and (b) and 17(5)(a) and (b) of the Regulation (EC) No. 1829/2003 for GMOs 200 
or food/feed containing or consisting of GMOs, i.e. taking into account Annexes IIIB, IID2 and VII of 201 
Directive 2001/18/EC (see Figure 1). The updated ERA GD is a ‘stand-alone’ document meaning that 202 
all environmental issues are addressed in this document, while all molecular characterisation issues 203 
and food and feed safety issues (such as toxicology, allergenicity, nutritional aspects) are addressed in 204 
the updated EFSA Guidance Document for the Risk Assessment of GM Plants and Derived Food and 205 
Feed (see update EFSA, 2009f)11. Cross references between these two GD are made wherever 206 
necessary. 207 

This updated ERA GD does not consider issues related to traceability, labelling, or co-existence. 208 
Socio-economic and ethical issues are also outside the scope of this guidance.  209 

This guidance does not cover the deliberate release into the environment of GMOs for experimental 210 
purposes (Part B notifications under Directive 2001/18/EC). Nor does it cover the deliberate or non-211 
deliberate environmental release or the contained use of genetically modified micro-organisms 212 
(GMMs), or the placing on the market of food and/or feed consisting of, containing, or produced from 213 
GMMs (Regulation (EC) No. 1829/2003). For food and feed containing, consisting of or produced 214 
from GMMs, a parallel GD is provided by the EFSA GMO Panel (see EFSA, 2009f). 215 

 216 

2. Strategies for ERA of GM plants  217 

The ERA of GM plants involves generating, collecting and assessing information on a GM plant in 218 
order to determine its impact on human and animal health and the environment relative to non-GM 219 
plant’s, and thus assessing its relative safety. ERA should be carried out in a scientifically sound and 220 
transparent manner based on available scientific and technical data and on common methodology for 221 
the identification, gathering and interpretation of the relevant data. Tests, data and measurements done 222 
should be clearly described as well as the assumptions made during the ERA. In addition, the use of 223 
scientifically sound modelling approaches could provide further information useful for ERA. 224 
Sufficient scientific data must be available in order to arrive at qualitative/quantitative risk estimates. 225 

                                                      
 
10 This updated ERA Guidance Document also includes the ERA for food and feed containing or consisting of GM plants or 

produced from GM plant 
11 http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902590526.htm 



EFSA updated Guidance Document for the ERA of GM plants
 

11 
 

The final risk evaluation should result in informed qualitative, and if possible quantitative, advice to 226 
risk managers, outlining the nature and magnitude of uncertainties associated with the identified risks. 227 
The implications of the risk assessment for risk management measures should also be assessed.  228 

The ERA should be carried out on a case-by-case basis, meaning that the required information may 229 
vary depending on the type of the GM plants concerned, their intended use, the potential receiving 230 
environment(s) (see chapter 2.3.2) taking into account, specific cultivation requirements and 231 
interactions with GM plants already in the environment. 232 

As a general principle, the use of a step-by-step assessment approach is required. Initial steps are to 233 
determine potential hazards; the experimental steps are to determine the consequences of higher levels 234 
of exposure. The ERA should include any relevant data (e.g. research data, scientific publications, 235 
monitoring reports) obtained prior to and/or during the risk assessment process. The relevance of all 236 
studies and reports in reaching final conclusions on risk should be described and areas of uncertainty 237 
identified.  238 

An overview of the structure of the updated ERA GD is presented in Figure 1: 239 

2.2 ERA – step by step objectives

2.2.1 Step 1: Problem formulation (incl. 
hazard identification)

2.2.2 Step 2: Hazard characterization

2.2.3 Step 3: Exposure characterization

2.2.4 Step 4: Risk characterization

2.2.5 Step 5: Risk management strategies

2.2.6  Step 6: Overall risk evaluation and 
conclusions

4. PMEM plan

3.1 Persistence and invasiveness, including
plant-to-plant gene flow

3.2 Potential for plant to micro-organisms gene
transfer

3.3 Interaction of the GM plant with target
organisms

3.4 Interactions of the GM plant with non-target
organism

3.7  Effects on human and animal health

3.6 Effects on biogeochemical processes
.

3.5 Impacts of the specific cultivation, 
management and harvesting techniques

3. Specific areas of risk to be addressed

2.3.2  Receiving environment(s)

2.3.4  Long term effects (including techniques
for their assessment)

2.3.3. General statistical principles

2.3.5 GM plants containing stacked
transformation events

2.3. Cross-cutting considerations

2. Strategies for ERA of GM plants

2.1 Comparative safety assessment

1. Introduction

References

Appendices

A. Background information for geographical
zones in the receiving environment(s)

B. Considerations for long-term effects

2.3.1. Choice of comparators

3.8 Overall risk evaluation and conclusions

240 
 241 

Figure 1:  Structure of the updated ERA GD with chapter assignments and relationships between 242 
different steps in the ERA. Chapter 1 is the introduction. Chapter 2 then introduces the general 243 
strategies for the ERA. After the description of the basic principles of the comparative assessment in 244 
subchapter 2.1, the six steps of the ERA are described in general terms in sub-chapter 2.2. These steps 245 
are further elaborated in more detail in chapter 3. The cross-connectivity between chapters 2.2 and 3 is 246 
visualised by curly brackets. Chapter 2.3 introduces cross-cutting considerations for chapter 3. Chapter 247 
4 describes the Post-Market Environmental Monitoring (PMEM) plan taking into account the results 248 
of the ERA. References and appendices complete the document. 249 
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The EFSA GMO Panel considered various sources of information and references from scientific 250 
reviews, conference reports, and expert consultation for preparing this guidance document (Conner 251 
A.J. et al., 2003, Wilkinson et al., 2003, Firbank L. et al., 2005, Craig W. et al., 2008, EFSA, 2008a,b, 252 
BEETLE_report, 2009, Dolezel, 2009, EFSA, 2009f,b,a, Lemaux, 2009). 253 

 254 

2.1. Comparative safety assessment as a general principle for the risk assessment of GM 255 
plants   256 

The risk assessment strategy for GM plants seeks to use appropriate methods to compare the GM plant 257 
and derived products with their conventional counterparts and other traditionally bred varieties (see 258 
chapter 2.3.1). Thus non-GM plants serve as a comparative baseline for the ERA of GM plants. The 259 
principles of the comparative safety assessment (Kok and Kuiper, 2003) are followed in order to 260 
identify both intended and unintended differences. 261 

Comparative safety assessment includes molecular characterisation (e.g. expression, stability), the 262 
agronomic and phenotypic characteristics of the GM plant in question, as well as its chemical 263 
composition (FAO/WHO, 1996). Such comparisons should be made between the GM plant and its 264 
conventional counterpart grown under the same regimes and environmental conditions. The outcome 265 
of this comparative analysis will further structure the ERA. 266 

The underlying assumption of the comparative safety assessment for GM plants is that the biology of 267 
traditionally cultivated plants and the conventional counterparts from which the GM plants have been 268 
derived, is well known. To this end the concept of familiarity was developed by the OECD (OECD, 269 
1993) for the assessment of the environmental effect of GM plants. In an ERA, it is appropriate to 270 
draw on previous knowledge and experience and to use the conventional counterpart in order to 271 
highlight differences associated with the GM plant in the receiving environment(s). Familiarity will 272 
also derive from the knowledge and experience available from conducting a risk assessment prior to 273 
scale-up of any new plant line or crop cultivar in a particular environment (OECD, 1993), and from 274 
previous applications for similar constructs and traits in similar or different plants. 275 

As for the ERA, assessment endpoints should take into consideration aspects of the environment that 276 
need to be protected from harm according to protection goals set out by EU legislation, including 277 
suitable protection units (e.g. individuals, populations, communities, guilds). Therefore, some 278 
assessment endpoints might be different from the baseline defined by current management and 279 
production systems. 280 

Introduction of gene(s) into plants or any other type of genetic modification result in intended effects 281 
but may also result in unintended effects. In this GD, the ERA is focused on the identification and 282 
characterisation of such effects with respect to possible impacts on human and animal health and the 283 
environment. Effects can be direct and indirect, immediate and delayed, including cumulative long-284 
term12.  285 

                                                      
 
12 Definitions according to the GMO legal framework (EC, 2001): 
‘Direct effects’ refer to primary effects which are a result of the GMO itself and which do not occur through a causal chain of 

events.  
‘Indirect effects’ refer to effects occurring through a causal chain of events, through mechanisms such as interactions with 

other organisms, transfer of genetic material, or changes in use or management.  
‘Immediate effects’ refer to effects which are observed during the period of the release of the GMO.  
‘Delayed effects’ refer to effects which become apparent either at a later stage or after termination of the release. 
'Cumulative long-term effects' refers to the accumulated effects of consents on human health and the environment, including 

flora and fauna, soil fertility, soil degradation of organic material, the feed/food chain, biological diversity, animal health 
and resistance problems in relation to antibiotics. 
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Intended effects are those that are designed to occur and which fulfil the original objectives of the 286 
genetic modification. Alterations in the phenotype may be identified through a comparative analysis of 287 
growth performance, yield, pest and disease resistance, etc. Intended alterations in the composition of 288 
a GM plant compared to its conventional counterpart, may be identified by measurements of single 289 
compounds e.g. newly expressed proteins, macro- and micro-nutrients (targeted approach).  290 

Unintended effects are considered to be consistent differences between the GM plant and its 291 
conventional counterpart, which go beyond the primary intended effect(s) of introducing the target 292 
gene(s). Unintended effect(s) could potentially be linked to genetic rearrangements or metabolic 293 
perturbations and may be predicted or explained in terms of our current knowledge of plant biology 294 
and metabolic pathway integration and interconnectivities. A starting point in the identification of 295 
potential unintended effects is analysis of the transgene flanking regions to establish whether the 296 
insertion is likely to impact the function of any endogenous gene of known or predictable function. 297 
Unintended effects may be detected through the comparison of the phenotypic and agronomic or 298 
compositional characteristics of the GM plant with its conventional counterpart cultivated under the 299 
same conditions. Statistically significant differences between GM plant and their conventional 300 
counterparts, which are not due to the intended modification, may indicate the occurrence of 301 
unintended effects, and should be assessed specifically with respect to their environmental 302 
implications. 303 

 304 

2.2. Objectives of the different steps of the environmental risk assessment  305 

The objective of the ERA is on a case-by-case basis to identify and evaluate potential adverse effects 306 
of the GM plant, direct and indirect, immediate or delayed (including cumulative long-term effects) on 307 
the receiving environment(s) where the GM plant will be released. The ERA consists of the 6 steps 308 
described in the Directive 2001/18/EC (see Figure 2):  309 

1. Problem formulation including hazard identification,  310 

2. Hazard characterisation,  311 

3. Exposure characterisation,  312 

4. Risk characterisation,  313 

5. Risk management strategies,  314 

6. Overall risk evaluation and conclusions. 315 

Any uncertainties inherent to the different steps of the ERA should be highlighted and quantified as 316 
much as possible. Distinction should be made between uncertainties that reflect/are due to natural 317 
variations in ecological and biological parameters, and possible differences in interaction between the 318 
GM plant and its receiving environment(s). An estimation of uncertainties in experimental data may be 319 
derived from proper statistical analysis, while quantification of uncertainties in assumptions (e.g. 320 
extrapolation of data from animals to humans, extrapolation from environmental laboratory studies to 321 
complex ecosystems, extrapolation from one genetic background to another), may be more difficult, 322 
but should be discussed comprehensively (for more background consideration see chapter 2.3.3.7).  323 

 324 
 325 
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Environmental Risk Assessment (ERA)

(3) Exposure
characterisation

(4) Risk characterisation

Overall Risk Management, including
Post Market Environmental
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(6) Overall risk evaluation and conclusions

(5) Risk management strategies

(2) Hazard
characterisation

(1) Problem formulation (including hazard
identification)

. 326 

Figure 2:  Six steps within the environmental risk assessment (ERA) and relationship to risk 327 
management including monitoring according to Directive 2001/18/EC and Regulation (EC) No. 328 
1829/2003.  329 

 330 

2.2.1. Step 1: Problem formulation (including hazard identification)  331 

 332 
Each risk assessment begins with a problem formulation in which the most important questions that 333 
merit detailed risk characterisation are identified. Problem formulation helps to make the risk 334 
assessment process transparent by explicitly stating the assumptions underlying the risk assessment.  335 

In this document, problem formulation includes the identification of characteristics of the GM plant 336 
capable of causing potential adverse effects to the environment (hazards13), of the nature of these 337 
effects, and of pathways of exposure through which the GM plant may adversely affect the 338 
environment (hazard identification14). It also includes defining assessment endpoints15 and setting of 339 

                                                      
 
13 Hazard (harmful characteristics) is defined as the potential of an organism to cause harm to or adverse effects on human 

health and/or the environment. 
14 Hazard identification as defined in step 1 of the ERA analysis in Commission Decision 2002/623/EC establishing 

guidance notes supplementing Annex II of Directive 2001/18/EC (EC, 2002a). 
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specific hypotheses to guide the generation and evaluation of data in the next risk assessment steps 340 
(hazard and exposure characterisation). In this process, both existing scientific knowledge and 341 
knowledge gaps (such as scientific uncertainties) are considered (see chapter 2.3.3.7). 342 

Problem formulation starts with the identification of hazards through a comparative safety assessment 343 
(see chapter 2.1). A comparison of the characteristics of the GM plant with those of its conventional 344 
counterpart enables the identification of differences in the GM plant that may lead to harm16. These 345 
differences are theoretically assessed in the problem formulation process in order to identify the 346 
potential environmental consequences of these differences. While some differences may be deemed 347 
irrelevant to the assessment, others will need to be assessed for their potential to cause harm. More 348 
detailed guidance for applicants on how to apply problem formulation on specific areas of risk to be 349 
addressed in the ERA is provided in chapter 3 of this document. 350 

In identifying the hazards and adverse effects that warrant further consideration, problem formulation 351 
considers the available information on qualitative exposure through which the GM plant may 352 
adversely affect the environment. Depending upon the intended uses of a GM plant, such as import, 353 
processing, food, feed and/or cultivation, the pathways and levels of exposure of the GM plant to the 354 
environment will vary. In the case where the use of GM plant does not include cultivation in the EU, 355 
the problem formulation will consider exposure i) via the accidental release into the environment of 356 
seeds of the GM plant during transportation and processing potentially leading to sporadic feral GM 357 
plants and ii) indirect exposure, for example, though manure and faeces from the gastrointestinal tracts 358 
mainly of animals fed the GM plant, and/or iii) manure or organic plant matter either imported as a 359 
fertiliser or soil amendment, derived from faeces from the gastrointestinal tracts of animals fed an 360 
imported GM plant or plant product, or derived from other bioproducts of industrial processes. In the 361 
case where the GM plant use includes cultivation in the EU, the problem formulation will consider 362 
exposure resulting from the expected cultivation of the GM plant in the receiving environment(s)17.  363 

A crucial step in problem formulation is to identify the aspects of the environment that need to be 364 
protected from harm according to environmental protection goals18 set out by EU legislation (see 365 
Table 1). Because protection goals are general concepts, they are translated into measurable 366 
assessment endpoints. Defining assessment endpoints is necessary to focus the risk assessment on 367 
assessable/measurable aspects of the environment – a natural resource (e.g. natural enemies) or natural 368 
resource service (e.g. biological control functions of pest populations performed by natural enemies) 369 
that could adversely be affected by the GM plant and that require protection from harm.  370 

Subsequently, within the problem formulation, the identified potential adverse effects need to be 371 
linked to assessment endpoints in order to derive testable hypotheses that allow quantitative evaluation 372 
of the harm posed to those assessment endpoints. The hypotheses are of importance as they will 373 
further guide the setting up of a methodological approach19 on how to evaluate the magnitude of harm. 374 
Through hypothesis, assessment endpoints are translated into quantitatively measurable endpoints, 375 
termed measurement endpoints (such as measurements of mortality, reproduction, abundance). A 376 
measurement endpoint can be regarded as an indicator of change in the assessment endpoint, and 377 
constitute measures of hazard (chapter 2.2.2) and exposure (chapter 2.2.3). 378 
                                                                                                                                                                      
 
 
15 An assessment endpoint can be defined as a natural resource or natural resource service that needs protection. It is the 

valued attribute of a natural resource worth of protection (Suter, 2000). 
16 Environmental harm is defined in this document as a measurable adverse change in a natural resource or measurable 

impairment of a natural resource service which may occur directly or indirectly (EC, 2004).  
17 The receiving environment(s) is the environment into which the GM plant(s) will be released and into which the 

transgene(s) may spread (see chapter 2.3.2) 
18 Protection goals are e.g. natural resources (e.g., arthropod natural enemies, bees) or natural resource services (e.g., 

regulation of arthropod pest populations, pollination) that are to be protected as set out by EU legislations. 
19 Problem formulation is generally performed on the basis of a conceptual model and an analysis plan (EPA, 1998, Hill and 

Sendashonga, 2003, Raybould and Cooper, 2005, Raybould, 2006, 2007, Romeis et al., 2008, Storkey et al., 2008, 
Raybould, 2009, Raybould et al., 2009, Wolt, 2009, Wolt et al., 2009). 
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Finally, the environmental quality to be preserved is defined by setting limits of concern, which enable 379 
the definition and identification of the minimum level of difference between the GM plant and its 380 
conventional counterpart that may lead to harm (see also chapter 2.3.4.1). A baseline of the receiving 381 
environment, including its organisms and their interactions and their known variations, should be 382 
determined before any (harmful) characteristics of the GM plant can be identified. The baseline serves 383 
as a point of reference against which future changes can be compared (EC, 2002) (e.g. in chapters 384 
2.3.2, 2.3.4 and 4.4.3). 385 

The information considered in problem formulation can take many forms, including published 386 
scientific literature, scientific and expert opinions, and/or research data. It can also include available 387 
data from analyses performed to characterise the GM plant, including molecular, compositional and 388 
agronomic/phenotypic analysis. Data generated outside Europe with the GM plant itself, or other plant 389 
species might be used by the applicant, only if its relevance for the European environment(s) has been 390 
justified.  391 

In the problem formulation process, applicants should on a case-specific basis: 392 

 Identify characteristics of the GM plant capable of causing potential adverse effects to the 393 
environment; 394 

 Identify the potential adverse effects linked to those harmful characteristics; 395 

 Identify exposure pathways through which the GM plant may adversely affect the 396 
environment;  397 

 Define assessment endpoints being representative of the aspects of the environment that need 398 
to be protected from harm according to protection goals set out by EU legislation (including 399 
suitable protection units (e.g. individuals, populations, communities, guilds), as well as the 400 
spatial and temporal scale of protection), and describe criteria used for the selection of 401 
assessment endpoints (e.g. relevance to protection goal, ecological relevance, vulnerability, 402 
practicality); 403 

 Define measurement endpoints as measurement units for both hazard and exposure; 404 

 Describe interrelationships between assessment and measurement endpoints and relate these to 405 
protection goals; 406 

 Formulate testable hypotheses that are clearly phrased and easily transferable to data to be 407 
generated or evaluated; 408 

 Set the limits of concern for each assessment endpoint in order to define the minimum relevant 409 
ecological effect that is deemed biologically significant, and is deemed of sufficient magnitude 410 
to cause harm; 411 

 Define relevant baselines used as points of reference to determine the minimum relevant 412 
ecological effect that is deemed of sufficient magnitude to cause harm; 413 

 Consider knowledge gaps (such as scientific uncertainties); 414 

 State to what extent information considered in the problem formulation process is derived 415 
from experience in growing the GM plant itself, distinguishing between plantings in countries 416 
within and outside the EU, and identifying indirect information from other  varieties, species, 417 
transformation events, and non-GM plants with similar phenotypes and justify why 418 
information collected outside EU are considered relevant for European environments. 419 
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Table 1:  Examples of environmental protection goals and their legal bases in the EU.  420 

Protection goals Legal basis 
Areas of protection Background Scope 

Biodiversity 
conservation 

Species of 
conservation or 
cultural value; 
red list species 
// 
Protected 
habitats; 
landscapes 

Directive 2001/18/EC(a) Deliberate release of GMOs into the 
environment 

Directive 2004/35/EC(b) Environmental liability 

Directive 92/43/EEC(c) Conservation of natural habitats and 
of wild fauna and flora 

Directive 97/409/EEC(d) Conservation of wild birds 

Regulation 338/97(e) Protection of endangered wild fauna 
and flora 

Action plan for biodiversity(f) Conservation of biodiversity 
Biodiversity strategy(g) Conservation of biodiversity 
Biodiversity action plan for the 
conservation of natural resources(h) Conservation of natural resources 

Biodiversity action plan for 
agriculture(i) Conservation of biodiversity 

Bern convention(j) Conservation of European wildlife 
and natural habitats 

Convention on biological diversity(k) Conservation of biological diversity 

Ecological 
functions 

Soil 

Directive 2004/35/EC Environmental liability 

Directive 2001/18/EC Deliberate release of GMOs into the 
environment 

Thematic strategy for soil protection(l) Preservation of soil functions 
Water Directive 2000/60/EC(m) Water protection 

Production 
systems; plant 
health 

Directive 1991/414/EEC(n) Marketing of plant protection 
products 

Biodiversity strategy Sustainable use of biodiversity 
Thematic strategy on the sustainable 
use of natural resources(o) Sustainable use of natural resources 

(a): Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release into 421 
the environment of genetically modified organisms and repealing Council Directive 90/220/EEC 422 

(b): Directive 2004/35/CE of the European Parliament and of the Council of 21 April 2004 on environmental liability with 423 
regard to the prevention and remedying of environmental damage 424 

(c): Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora 425 
(d): Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds 426 
(e): Council Regulation (EC) No 338/97 of 9 December 1996 on the protection of species of wild fauna and flora by 427 

regulating trade therein 428 
(f): Commission Communication of 22 May 2006 "Halting the loss of biodiversity by 2010 - and beyond - Sustaining 429 

ecosystem services for human well-being" COM(2006) 216 430 
(g): Communication from the Commission to the Council and the European Parliament of 4 February 1998 on a European 431 

Community biodiversity strategy COM(1998) 42  432 
(h): Commission Communication of 27 March 2001 to the Council and the European Parliament: Biodiversity Action Plan 433 

for the Conservation of Natural Resources (Volume II) COM(2001) 162 434 
(i): Commission Communication of 27 March 2001 to the Council and the European Parliament: Biodiversity Action Plan 435 

for Agriculture (Volume III) COM(2001) 162 436 
(j): Council Decision 82/72/EEC of 3 December 1981 concerning the conclusion of the Convention on the conservation of 437 

European wildlife and natural habitats (Bern Convention) 438 
(k): Council Decision 93/626/EEC of 25 October 1993 concerning the conclusion of the Convention on Biological Diversity 439 
(l): Commission Communication of 22 September 2006 entitled "Thematic strategy for soil protection" COM(2006) 231 440 
(m): Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework for 441 

Community action in the field of water policy 442 
(n): Directive of 15 July 1991 concerning the placing of plant protection products on the market 443 
(o): Communication from the Commission of 21 December 2005 - Thematic Strategy on the sustainable use of natural 444 

resources COM(2005) 670 445 
 446 
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2.2.2. Step 2: Hazard characterisation  447 

Hazard characterisation13 in this GD is defined as the qualitative and/or quantitative evaluation of 448 
environmental harm14 associated with the hazard as set out in one or more hypothesis(e)s derived from 449 
problem formulation.  450 

The magnitude of each potential adverse environmental effect should be evaluated and is to be seen in 451 
relation to defined comparative baselines and assessment endpoints (see chapter 2.2.1). The magnitude 452 
should, if possible, be expressed in quantitative rather than qualitative terms. Ordered categorical 453 
descriptions such as "high", "moderate", "low" or "negligible", where the ordering is from 'high' at one 454 
end to 'negligible' at the other (Liu and Agresti, 2005), may be used to place identified hazard on a 455 
scale of severity. If at all possible, these terms should themselves be defined in quantitative terms, as 456 
precisely as possible20.  457 

 458 

2.2.3. Step 3: Exposure characterisation 459 

In the problem formulation, the possible routes by which exposure to hazard may occur would have 460 
been evaluated. This step is to evaluate the exposure (i.e. likelihood of adverse effects occurring) and 461 
to estimate quantitatively the likelihood that adverse effects will actually occur (EC, 2002a).  462 

For each hazard identified and characterized, it may not be possible to estimate the exposure 463 
(likelihood) precisely. However, if quantitative terms such as "high", "moderate", "low" or 464 
"negligible" are used to express such likelihoods, then the link between likelihood and probability 465 
should be accounted for. Thus, whatever term is chosen, an indication should be given of the range, 466 
within a numeric scale of 0 to 1 (where zero probability represents impossibility and a probability of 467 
unity represents certainty), to which the term is intended to refer. For example, “the likelihood of 468 
exposure of a non-target lepidopteran species to Bt toxin sufficient to cause mortality was estimated to 469 
be moderate, where 'moderate’ in this context means within the range 0.1 to 0.4".  470 

 471 

2.2.4. Step 4: Risk characterization 472 

Risk is characterised by combining the magnitude of the consequences of a hazard and the likelihood 473 
that the consequences occur (EC, 2002a). It is described in this GD as the quantitative or semi-474 

                                                      
 
20 The following classifications are extracted from the Commission Decision 2002/623/EC (EC, 2002a) and are suggested as 

illustrative and qualitative examples in a very broad sense. They are not intended to be definitive or exclusive, but to give 
an indication of the considerations that might be taken into account when weighing up the consequences: 

"high level consequences" might be significant changes in the numbers of one or more species of other organisms, including 
endangered and beneficial species in the short or long-term. Such changes might include a reduction in or complete 
eradication of a species leading to a negative effect on the functioning of the ecosystem and/or other connected 
ecosystems. Such changes would probably not be readily reversible and any recovery of the ecosystem that did take place 
would probably be slow; 

"moderate consequences" might be significant changes in population densities of other organisms, but not a change which 
could result in the total eradication of a species or any significant effect on endangered or beneficial species. Transient and 
substantial changes in populations might be included if likely to be reversible. There could be long-term effects, provided 
there are no serious negative effects on the functioning of the ecosystem; 

"low level consequences" might be non-significant changes in population densities of other organisms, which do not result in 
the total eradication of any population or species of other organisms and have no negative effects on functioning of the 
ecosystem. The only organisms that might be affected would be non-endangered, non-beneficial species in the short or 
long-term; 

"negligible consequences" would mean that no significant changes had been caused in any of the populations in the 
environment or in any ecosystems. 
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quantitative estimate including attendant uncertainties, of the probability of occurrence and severity of 475 
harmful effect(s) based on problem formulation, hazard and exposure characterisation.  476 

On the basis of the conclusions reached in steps 2 and 3, an estimate of the risk of adverse effects 477 
should be made for each hazard identified in step 1. If a hazard has more than one adverse effect, the 478 
magnitude and likelihood of each individual adverse effect should be assessed. Where precise 479 
quantitative evaluation of risk is not possible, terms should be defined where possible. The evaluation 480 
for each risk should consider: 481 

 The magnitude of the consequences of the hazard ("high", "moderate", "low" or "negligible", 482 
with indications of what is meant by these terms); 483 

 The likelihood of the consequences related to hazard occurring ("high", "moderate", "low" or 484 
"negligible", with quantified definitions of terms, using ranges of probability) in the receiving 485 
environment(s); 486 

 The risk is characterised by combining the magnitude of the consequence of the hazard 487 
multiplied by its likelihood.  488 

The overall uncertainty for each identified risk should be described, possibly including documentation 489 
relating to: 490 

 Assumptions and extrapolations made at various levels in the ERA; 491 

 Different scientific assessments; 492 

 Specified uncertainties (see also chapter 2.3.3.7); 493 

 Conclusions that can be derived from the data. 494 

The risk characterisation should indicate whether the problem formulation (including hazard 495 
identification), hazard characterisation and exposure characterisation are complete or not. This would 496 
allow determination of whether characterisation of the risk may be finalised, or whether further data 497 
should be generated in order to complete the risk characterisation of the GM plant.  498 

 499 

2.2.5. Step 5: Risk management strategies 500 

The risk characterisation (step 4) may identify risks and uncertainties that require measures to manage 501 
them. Therefore, risk management strategies should be described and/or proposed by the applicant 502 
based on the conclusions of risk characterisation of the GM plant performed under steps 1 to 4. These 503 
risk management strategies should aim to reduce the identified risks associated with the GM plant to 504 
an acceptable level and should consider defined areas of uncertainty. Applicants should describe the 505 
risk management in terms of reducing hazard and/or exposure, and the consequent reduction in risk 506 
should be quantified (when possible). Where applicants have identified risk management 507 
characteristics (e.g. reduced fertility) in the GM plant which can reduce these risks, then the reliability 508 
and efficacy of these characteristics should be assessed. In addition if the applicant places restrictions 509 
or conditions on the release of a GM plant in order to reduce risks, then the efficacy and reliability of 510 
these measures should be assessed.  511 

Applicants should also state the measures they will put in place post commercialisation in order to 512 
monitor and verify the efficacy of the risk management measures and to allow changes in risk 513 
management strategies in case circumstances change, or new data become available which require 514 
changes to the risk management (see also post-market environmental monitoring plan in chapter 4).  515 

 516 
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2.2.6. Step 6: Overall risk evaluation and conclusions 517 

An evaluation of the overall risk of the GM plant(s) should be made taking into account the results of 518 
the ERA and associated levels of uncertainty, the weight of evidence and the risk management 519 
strategies proposed (step 5) in the receiving environment(s).  520 

The overall risk evaluation should result in informed qualitative, and if possible quantitative, guidance 521 
to risk managers. The applicant should explain clearly what assumptions have been made during the 522 
ERA and what is the nature and magnitude of uncertainties associated with the risk(s). 523 

When risks are identified in the overall risk evaluation then the scale and likelihood of harm associated 524 
with these risks needs to be described in relation to the role the GM plant has in production systems. 525 
The applicant should indicate why these levels of risk might be acceptable in assessing the net overall 526 
environmental impact of the GM plant when compared with the cultivation of the conventional 527 
counterpart.  528 

When risks have been identified then applicants should also consider the need for post-market risk 529 
management strategies and should indicate the extent of post-market environmental monitoring 530 
(PMEM) of GM plants. The results of the ERA provide the basis for case specific monitoring (CSM) 531 
plans, which focus on studying the potential to cause the adverse effects indicated in the risk 532 
assessment when the GMO is cultivated in the receiving environment(s). PMEM also includes general 533 
surveillance and can provide data on long-term, unanticipated adverse effects of GM plants. PMEM 534 
information is also useful for confirming the results of the ERA (see chapter 4). 535 

As stated before, ERA is an iterative process. If new information on the GM plant and its effects on 536 
human health or the environment becomes available, the ERA may need to be re-addressed in order to 537 
i) determine whether the risk characterisation has changed; ii) determine whether it is necessary to 538 
amend the risk management. 539 

 540 

2.3. Cross-cutting considerations 541 

2.3.1. Choice of comparators21  542 

Where feasible, similarities and differences in the interactions between the GM plant and the 543 
environment due to genetic modification and induced changes in management should be estimated in 544 
relation to a conventional counterpart (see also chapter 2.3.3).  545 

In the case of vegetatively propagated crops, the conventional counterpart should, in principle, be the 546 
non-GM isogenic variety used to generate the transgenic lines (EFSA, 2009e). 547 

In the case of crops that reproduce sexually, the conventional counterpart should have a genetic 548 
background that is as close as possible to the GM plant (EFSA, 2009e). Since many crops used to 549 
produce food and feed are developed using back-crossing, it is important that, in such cases, any ERA 550 
that uses data from tests for phenotypic, agronomic and compositional similarity is derived from a 551 
conventional counterpart with a genetic background that is as close as possible to the GM plant. 552 

The applicant may consider the inclusion of an additional comparator having a closer genetic 553 
background to the GM plant than the conventional counterpart (such as a negative segregant). 554 
However, in all cases, information on the breeding scheme (pedigree) in relation to both the GM plant 555 

                                                      
 
21 More specific guidance on the selection of appropriate comparators is currently under consideration by the EFSA GMO 

Panel Working Group on comparator (http://www.efsa.europa.eu/en/gmo/gmowgs.htm),  
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and the conventional counterpart and justification for the use of the selected conventional counterpart 556 
should be provided.  557 

It is imperative to consider the use of extra comparators that help to place any effects of the genetic 558 
modification into context, particularly concerning the agronomic management of both the GM plant 559 
and the conventional counterpart. For example, for insect-resistant GM plants, equivalence with a 560 
conventional counterpart is highly unlikely if the latter is managed without the pest control that would 561 
be typically applied to conventional, non-GM plant. Hence for such crops a conventional counterpart 562 
managed without pest control, and the same conventional counterpart managed with pest control that 563 
would be typically applied in the area are recommended. In the case of herbicide-tolerant GM plants, 564 
at least three test materials are recommended: the GM plant exposed to the intended herbicide and 565 
associated weed management, the conventional counterpart treated with conventional weed 566 
management regimes and the GM plant treated with the same weed management. Such comparison 567 
allows the assessment of whether the expected agricultural practices influence the expression of the 568 
studied assessment endpoints. When more than one conventional counterpart are employed, the 569 
principal comparison for inferences regarding environmental harm should be typical conventional 570 
management, rather than the agronomically less realistic 'untreated' conventional counterpart(s). 571 

It is recognised that appropriate conventional management is site- and year-specific; management 572 
should therefore follow standard farming practices but clearly document deviations. The applicant 573 
must provide detailed management records and carry out independent agronomic audits by trained 574 
personnel to give sufficient confidence that management practices are appropriate (Champion et al., 575 
2003). Any additional treatments and/or comparators should be fully integrated within the 576 
experimental design, randomized and replicated in the same way as the GM plant and untreated 577 
conventional counterpart. 578 

The appropriate conventional counterpart for stacked events should be selected in accordance with the 579 
principles defined above. Single parental GM lines or GM lines containing previously stacked events 580 
that have been fully risk assessed should be included as additional comparators. The applicant should 581 
provide detailed information justifying the choice of additional comparators (chapter 2.3.5).  582 

If no extra comparator is employed it may still be necessary to consider the use of some form of 583 
positive control (Perry et al., 2009) in order to demonstrate post-hoc that the study was capable of 584 
detecting the desired effects (for example that there was a sufficient population density of organisms 585 
available in the experimental area to be sampled). If the positive control is external to the experiment, 586 
for example on a single unrandomized plot, then data from the control may not enter the statistical 587 
analysis in any form. 588 

In this updated ERA Guidance Document, the term 'GM plant' refers to the specific GM event for 589 
which approval is requested. However, in practice, commercially available GM varieties are often 590 
produced from crosses of this event with other varieties. 591 

The applicant should discuss potential risks arising from the genetic background of varieties which 592 
might subsequently include the GM event and how these might alter the conclusions of the risk 593 
assessment.  594 

On a case-by-case basis, depending on the nature of the event and according to the scope of the 595 
application, data may be required on the safety of the event when present in different genetic 596 
backgrounds. 597 

Whenever relevant, recommendations should be made for appropriate additional testing under the 598 
scope of Directive 2002/53 during the process of variety registration (EC, 2002b). 599 

  600 
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2.3.2. Receiving environment(s) 601 

The receiving environment(s) is the environment into which the GM plant(s) will be released and into 602 
which the transgene(s) may spread. The receiving environment(s) is characterized by 3 components 603 
(see Figure 3): 604 

 The GM plant (e.g. plant variety, genetic modification(s) and intended uses(s)); 605 

 The Geographical Zones (e.g. the climate, altitude, soil, water, flora, fauna, habitats….);  606 

 The Management Systems (e.g. land use, production systems, other cultivated GM plants, 607 
cultivation practices, integrated and other pest management, non-production activities and 608 
nature conservation activities). 609 

In the component “Management Systems”, land use, production systems should be considered as these 610 
systems can differ significantly between geographical regions (e.g. irrigated maize versus non-611 
irrigated cultivation elsewhere). Moreover, in a same region, cultivation of GM plants for different 612 
purposes may also have certain specific risk assessment implications (e.g. green maize for biogas or 613 
silage with early harvest compared to grain maize).  614 

These three components result in biotic and abiotic interactions that should be considered by the 615 
applicant when establishing representative scenarios considering receiving environment(s) for carrying 616 
out the ERA of a GM plant (see Figure 3 and Table 2). A broad range of various environments in 617 
terms of their flora and fauna, climatic conditions, habitat composition and ecosystem functions and 618 
human interventions occurs in the EU. Accordingly, GM plants will potentially interact with those 619 
differing environments.  620 

The ERA should be carried out on a case-by-case basis, meaning that the required information may 621 
vary depending on the type of the GM plants and trait (s) concerned, their intended use(s), the 622 
potential receiving environment(s). There may be a broad range of environmental characteristics 623 
(regional-specific) to be taken into account. To support a case-by-case assessment, it may be useful to 624 
classify regional data reflecting aspects of the receiving environment(s) relevant to the GM plant (e.g. 625 
botanical data on the occurrence of wild relatives of GM plants in different agricultural or (semi) 626 
natural habitats of Europe, effects of production systems on the interactions between the GM plant and 627 
the environment).  628 

Relevant baseline(s) of the receiving environment(s), including production systems, indigenous biota 629 
and their interactions, should be determined to identify any (harmful) characteristics of the GM plant 630 
(see chapter 2, and specific areas of risk to be addressed in subchapters of chapter 3). Defined 631 
baseline(s) serve as a point of reference against which future changes can be compared. The 632 
baseline(s) will depend to a considerable extent on the receiving environment(s), including biotic and 633 
abiotic factors (for example, natural preserved habitats, agricultural farmland or contaminated land). 634 

Both the plant and the transgenic trait(s) determine where the GM plant will most likely be grown (see 635 
Table 2). Some GM plants (e.g. cotton, rice) can realistically be cultivated in some geographical zones 636 
only, while others, like maize, may be cultivated more widely in Europe. Transgenic traits such as 637 
biotic (e.g. pest resistance) and abiotic stress (e.g. drought and salt) tolerance will also define where 638 
GM plants are likely to be grown. Therefore, all these elements should be taken into account when 639 
defining the receiving environment(s) (e.g. considering geographical zones) for the ERA of each GM 640 
plant. 641 

Applicants should take into account interactions of the GM plant with any other GM plants that have 642 
been deliberately released or placed on the market in the same receiving environments, including 643 
interactions between the specific cultivation characteristics (e.g. use of plant protection products) 644 
associated with the different GM plants. In addition, applicants should consider likely and/or predicted 645 
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trends and changes to receiving environments, including uptake of new technologies, and how these 646 
might interact with the GM plants. 647 

 648 

GM Plant

Management SystemGeographical Zones

Interactions

Climate,
Altiude,

Soil, Water,
Flora, Fauna,

Habits etc.

Land use, 
Production system including

Integrated and other Pest Management,
Non-production activities,
Nature conservation, etc.

Crop variety,
Genetic modification,

Intended use, etc.

 649 

Figure 3:  The receiving environment(s) is characterized by (A) the GM plant [and its intended uses], 650 
(B) the Geographical Zones, and (C) the Management Systems. Examples of attributes of (A), (B), and 651 
(C) that could interact are provided in the triangle.  652 

 653 

There are many climatic, ecological, agricultural and political ways of defining geographical regions 654 
or zones in Europe and examples of existing definitions are provided in Appendix B. The variety of 655 
the methods and criteria used to define these zones reflects the diversity and multivariate nature of the 656 
characteristics of potential receiving environments of a GM plant.  In some cases, such methods may 657 
assist applicants to select study sites. However applicants should also consider selecting sites where 658 
the exposure and impacts are expected to be the highest and it is anticipated that the study will achieve 659 
meaningful results. Applicants should explain why the results of their studies in certain receiving 660 
environment(s) are considered representative for other receiving environment(s).  661 
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 662 
 663 
Guidance to applicants 664 

Applicants should initially consider representative scenarios for the GM plants and including a worst-665 
case scenario where the exposure and impact are expected to be the highest. The receiving 666 
environment(s) is characterised by the GM plant, the geographical zones and the management systems 667 
(including production systems22) (Figure 3). Cultivation areas may cover one or more geographical 668 
regions or zones23 in Europe. The applicant may use the following step-wise approach (Table 2) to 669 
select appropriate receiving environment(s) for ERA. 670 

 671 

Table 2:  Selection process of relevant receiving environment(s) for ERA  672 

Step 1 
Plant 

Consider all present cultivation areas and their production systems  

Step 2 
Plant x trait 

Revise present cultivation areas and their production systems according to the nature of the 
trait: 
add potential future cultivation areas,  
where relevant, consider changes in production systems,  
according to the nature of the trait, concentrate to those areas and production systems in 
which the GM plant is more likely to be grown. 
 

Step 3 
Plant x trait x 
environmental 
issue of concern 

Select appropriate receiving environment(s) for each environmental issue of concern taking 
into consideration assessment endpoints (see chapters 3.1 to 3.7). Depending on the 
environmental issue of concern; further steps to characterize the receiving environment(s) 
may be applied (e.g. locations where field-generated data are obtained). 
 

 673 

 674 

Applicant should describe: 675 

 The characteristics of the geographical zones where the GM plant is likely to be cultivated, 676 
specifically considering the transgenic trait(s) (e.g. that might induce farmers to adopt it). 677 
Among the different characteristics of specific zones, attention should be paid to those that are 678 
relevant for plant-trait-environment interactions. Further background information on 679 
geographical zones is provided in Appendix A of this GD,  680 

 The representative management systems (e.g. use of the plant, crop rotation, other GM plants, 681 
production systems, cultivation techniques and genetic background) in which the GM plant 682 
may be introduced; 683 

 The range of relevant biotic and abiotic interactions (e.g. the interactions between plants and 684 
TO and/or NTO) likely to occur in the receiving environment(s) taking into consideration the 685 
range of natural environmental conditions, protection goals (including related to species 686 
differences across Europe) and production systems. Where appropriate, the presence of cross-687 

                                                      
 
22 Production systems is defined in chapter 3.5 as “the production system is defined by the specific use of the GM plant, the 

context in which the GM plant is grown, its cultivation (including crop rotation), harvesting and management, and the 
genetic background in which the transgenic trait has been introduced”. 

23 Region or zone is used here as spatial scale without defining its size characteristics. 
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compatible wild/weedy relatives nearby, the ability of the GM plant to form feral populations 688 
and hence the potential additional exposure of NTOs should be considered. 689 

Based on the above listed criteria, applicants should provide evidence that data generated are relevant 690 
for ERA in the range of EU receiving environment(s).  691 

 692 

2.3.3. General statistical principles 693 

This section applies to data collected from experiments in which specific hypotheses are tested. When 694 
such experiments are conducted in the field they are termed 'trials' throughout this section. This 695 
section does not apply to data obtained from surveys or observational data. Neither does it apply to the 696 
field trials described in the food/feed Guidance documents (EFSA, 2009f,e) designed to compare 697 
phenotypic, agronomic or compositional characteristics of the GM plant with its conventional 698 
counterpart. 699 

For ERA, the applicant should list explicitly in words all the questions that each study, be it a field 700 
trial, a trial in semi-field conditions or a laboratory study, was designed to address. In addition, each of 701 
these questions should be re-stated in formal terms, in the form of the precise null hypothesis that was 702 
tested to answer the question. This should apply equally to those studies that seek information on 703 
unintended effects with a generic null hypothesis as to those that take an ecotoxicological approach 704 
with a specific null hypothesis (see chapter 2.2.1). For field trials, the applicant should provide a clear 705 
and explicit statement concerning the minimum levels of abundance acceptable for each taxa sampled, 706 
below which results would lack credibility, with full justification for the values chosen. In 707 
mathematical modelling for the assessment of long-term or large-scale effects, the applicant should 708 
state explicitly all assumptions made and provide justifications for each. The principles underlying the 709 
statistical tests of difference and equivalence (EFSA, 2009e) described below is to provide information 710 
with quantified uncertainty that may be used by biologists in risk characterization of those endpoints 711 
for which differences or lack of equivalence are found. In order to place differences or lack of 712 
equivalence into context allowance must be made for the distinction between statistical and biological 713 
significance. The two approaches are complementary: statistically significant differences may point to 714 
biological changes caused by the genetic modification, but these may or may not be relevant on safety 715 
grounds (see limits of concern, below). For risk assessment it is not the function of statistical analysis 716 
to provide results that lead automatically to a particular decision; instead, the case-by-case approach 717 
should remain paramount. 718 

The ERA is often hampered by the difficulty of conducting experiments with sufficient statistical 719 
power (see below). The use of meta-analysis (Marvier et al., 2007) is recommended, particularly to 720 
quantify studies that may not all have the power to be individually significant, in the statistical or 721 
biological sense, and also to provide an overview of broad patterns when individual studies appear to 722 
contradict one other. 723 

For most endpoints, the comparative analysis referred to above should involve two approaches: (i) a 724 
proof of difference, to verify whether the GM plant is different from its conventional counterpart(s) 725 
and might therefore be considered a potential risk depending on the type of the identified difference, 726 
extent and pattern of exposure; and (ii) a proof of equivalence to verify whether the GM plant is 727 
equivalent or not to its conventional counterpart(s) within bounds defined by so-called 'limits of 728 
concern' (see below). The (sets of) limits of concern represent the minimum relevant ecological effects 729 
(in positive and negative directions) that are deemed biologically significant. Usually, the lower limit, 730 
which corresponds for example to a decrease in the abundance of a particular species in the presence 731 
of the GM plant relative to that for the conventional counterpart, will be defined by the threshold 732 
effect that was deemed to be of just sufficient magnitude to cause environmental harm. 733 
Notwithstanding this general approach, it is acknowledged that the multiplicity and diversity of 734 
questions that might be posed in an ERA may demand alternative statistical approaches. 735 
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All test materials, the GM plant and conventional counterpart(s), whether in the field, in semi-field 736 
conditions or in the laboratory, should be fully randomized to the experimental units. Other aspects of 737 
experimental design are addressed below. 738 

Whether analysis is of field, semi-field or laboratory data, results should be presented in a clear 739 
format, using standardised scientific units. The applicant should provide the raw data and the 740 
programming code used for the statistical analysis in an editable form. Other aspects of reporting and 741 
analysis are addressed below. 742 

 743 

2.3.3.1. Testing for difference and equivalence 744 

In testing for a difference the null hypothesis is that there is no difference between the GM plant and 745 
its conventional counterpart, against the alternative hypothesis that a difference exists. In testing for 746 
equivalence the null hypothesis is that there is lack of equivalence in the sense that the difference 747 
between the GM plant and its conventional counterpart is at least as great as a specified minimum size, 748 
against the alternative hypothesis that there is no difference or a smaller difference than the specified 749 
minimum between the GM plant and its conventional counterpart. Rejection of the null hypothesis (i.e. 750 
a finding that the difference is no greater than this minimum size) is required in order to conclude that 751 
the GM plant and the conventional counterpart are unambiguously equivalent for the measurement 752 
endpoint considered. The two approaches are complementary: statistically significant differences may 753 
point to biological changes caused by the genetic modification, but these may or may not be relevant 754 
from the viewpoint of environmental harm. For studies that use extra comparators, the analysis should 755 
encompass separate difference tests (between the GM plant and each of its different comparators) and 756 
separate equivalence tests (between the GM plant and each of its different comparators), and these 757 
should be reported similarly. Further discussion of the principles of equivalence testing, with practical 758 
examples, is given in EFSA (EFSA, 2009e). 759 

 760 

2.3.3.2. Specification of the effect size and the limits of concern 761 

A major part of the risk assessment dossier is risk characterization. Notwithstanding the well-known 762 
distinction between biological and statistical significance (Perry, 1986) risk characterization cannot be 763 
done without relating effects to potential harm. Therefore it is essential to specify for each effect 764 
variable a minimum effect size which is considered to potentially have a relevant impact on the 765 
receiving environment(s). Based on such effect sizes, power analyses aid transparency and may 766 
engender public confidence that risk to the consumer is well-defined and low (Marvier, 2002); these 767 
require specification of the magnitude of the effect size that the study is designed to detect. Good 768 
scientific studies are planned carefully enough for the experimenters to have a reasonable idea of the 769 
size of effect that the study is capable of detecting. For all these reasons, for each study, whether in the 770 
field, in semi-field conditions or in the laboratory, the applicant should state explicitly the size of the 771 
effect that it is desired to detect in the study, for each measured endpoint. The effect size may be 772 
asymmetric, and in particular may be set as zero in one direction to yield a non-inferiority form of the 773 
equivalence test (Laster and Johnson, 2003). It is acknowledged that the magnitude of the effect size 774 
that the study is designed to detect is expected to be larger for generic hypotheses related to 775 
confirmatory field data for the assessment of unintended effects on non-target organisms than for 776 
specific hypotheses (see chapter 3.4). The effect size will often be placed on the multiplicative scale; 777 
however, the natural scale or some other scales are admissible alternatives, on a case-by-case basis. In 778 
principle, where more than one comparator is used different effect sizes may be specified for the 779 
different comparators; however, this is unlikely to be necessary in practice. The applicant should 780 
provide a full justification for all effect sizes chosen. 781 
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The applicant should state explicitly how the chosen effect size(s) relates to the limits of concern 782 
through the minimum relevant ecological effect that is deemed biologically significant. Usually, these 783 
quantities will be identical; the applicant should justify cases where this is not so. The applicant should 784 
state explicitly the limits of concern that were used for each equivalence test. If justified appropriately, 785 
more than one pair of limits of concern may be set for each measurement endpoint; an equivalence test 786 
should then be performed for each pair of limits. 787 

 788 

2.3.3.3. Power analysis 789 

For each study, be it a field trial, a trial in semi-field conditions or a laboratory study, the applicant 790 
should ensure that the design is such that the difference test has sufficient statistical power to provide 791 
reasonable evidence (Perry et al., 2009). Statistical power is the probability of detecting an effect of a 792 
given size, when such a real effect exists. In medical science, a level of 80% is usually considered to 793 
be an acceptable level for statistical power, but it is recognised that for ecological field trials this is an 794 
aspiration that may only be achievable in exceptionally well-resourced and extensive experiments 795 
(Perry et al., 2003). Notwithstanding, optimal experimental design should be directed to attain power 796 
as high as possible. 797 

For each study, the applicant should provide an analysis that estimates the power for each difference 798 
test on each measurement endpoint, based on the stated effect size and assuming a 5% type I error rate. 799 
The analysis should be done at the planning stage of the study. The power analysis should use only 800 
information verifiable as available prior to the study; under no circumstances should data from the 801 
study itself be used. For field trials, since each field trial at a site on a particular occasion should have 802 
sufficient replication to be able to yield a stand-alone analysis if required (see below), this power 803 
analysis should relate to a single site, not to the entire set of trials. For situations where many species 804 
are sampled such as in field trials, the power analysis is required only for those species of prime 805 
importance and those expected to be the most abundant. 806 

 807 

2.3.3.4. Experimental design  808 

The first decision in experimental design is whether the questions asked by the study are best 809 
answered by data produced in the laboratory, mesocosm, semi-field, field or region. Laboratory 810 
studies are used particularly in Tier 1 studies (e.g. see chapter 3.4). An overview of the differences 811 
between laboratory studies and field trials is provided in Table 3: 812 

 813 

Table 3:  Differences between laboratory studies and field trials. 814 

Laboratory studies Field studies 
Identification of acute and direct impacts of GM 
products and metabolites on individuals; 
possibility to study indirect and multi-trophic 
effects at small scales 

Allows the study of indirect and multi trophic 
effects at large scales (e.g. at the population level) 

Lower degree of variability, higher precision of 
the predictions 

Higher degree of variability, minor precision of 
the predictions 

  
More control of environmental conditions Less control of environmental conditions 
Organisms tested under optimised conditions Organisms under natural conditions 
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Limited trait-environment interactions tested Trait-environment interactions can be tested 

 815 

The importance of high quality field trials in the ERA of GM plants is widely accepted (EFSA, 816 
2008a). One crucial aspect is the increase in ecological realism that can be achieved as the scale of 817 
tests move up from laboratory through mesocosm to semi-field, field and region. For example, when 818 
any organism is in contact with a GM plant within a multi-trophic context, identification of the 819 
impacts on ecological functioning is facilitated by an increase of scale of the experimental arena.  820 

Field testing for environmental effects of GM plants is of special importance because there are 821 
organisms for which testing in the laboratory is inappropriate (for example species that are highly 822 
mobile, such as bees; or species for which rearing methods are inadequate; see chapter 3.4). Field 823 
testing allows a wide range of arthropod characteristics to be assessed (such as species number, life 824 
stages, exposure to abiotic and biotic stress, complexity of trophic interactions) that cannot easily be 825 
reproduced in laboratory settings. Conversely, laboratory studies may incorporate controlled 826 
conditions that are impossible to reproduce in the field, which may prevent the identification of causal 827 
relationships. Attention should therefore be paid to the trade-off that exists between standardised tests 828 
and field testing.  829 

Due to the lack of well-defined standards, the number of tests on necrotrophic decomposers is very 830 
limited and, in particular, some biogeochemical processes cannot be investigated in artificial 831 
environments, such as pot experiments. Therefore, field trials may be essential to produce results for 832 
such functional groups. 833 

Experimental designs for laboratory experiments should conform to accepted international standards 834 
and protocols such as those published, for example, by OECD or similar organisations specialising in 835 
ecotoxicology. 836 

For field trials, the principle should be followed that each field trial at a site on a particular occasion 837 
should have sufficient replication to be able to yield a stand-alone analysis if required, although the 838 
main analysis should derive inferences from averages over the complete set of field trials at all sites 839 
and years. The level of within-site replication should be informed by the power analysis referred to 840 
above. Notwithstanding this, it is most unlikely that less than three replicates per site would provide an 841 
adequate design. A completely randomized or randomized block experimental design is usually 842 
appropriate; appropriate extensions to these designs are discussed by (Perry et al., 2009). The 843 
applicant should justify explicitly why the different sites selected for the trials are considered to be 844 
representative of the range of receiving environments where the crop will be grown, reflecting relevant 845 
meteorological, soil and agronomic conditions. The choice of plant varieties should be appropriate for 846 
the chosen sites and should also be justified explicitly. Within each site the GM plant and its 847 
conventional counterpart(s) and any additional test material, where appropriate, should be identical for 848 
all replicates. Environmental variation is manifest at two scales: site-to-site and year-to-year. The 849 
primary concern is not environmental variation per se, but whether potential differences between the 850 
test materials vary across environmental conditions (i.e. statistical interactions between test material 851 
and environmental factors, often referred to as genotype by environment (GxE) interactions). Hence, 852 
in addition to within-field replication there is a need to replicate over sites and years to achieve 853 
representativeness across geography and climate. Unless explicit appropriate justification is given by 854 
the applicant, each field trial should be replicated over at least two years, within each of which, there 855 
should be replication over at least three sites. However, the explicit requirements above for replication 856 
to achieve representativeness do not apply to confirmatory field data for the assessment of unintended 857 
effects on non-target organisms (see chapter 3.4), or to field trials providing data to assess potential 858 
persistence and invasiveness (see chapter 3.1). In the case that sites cover a very restricted geographic 859 
range, further replication of trials, over more than two years, may be required. The use of data from 860 
different continents may be informative, but the applicant must justify explicitly why the sites within 861 
these continents are representative of the range of receiving environments where the GM plant will be 862 
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grown, reflecting relevant meteorological, soil and agronomic conditions. In particular, the applicant 863 
must provide explicit reasons when data from field trials in EU Member States are not available. 864 

Experimental units (field plots) that are of the spatial scale of a whole or half-field are probably of 865 
most use for post-commercialisation studies, for monitoring or mitigation. For pre-commercialisation 866 
experimentation, smaller plots, where variation may be controlled and defined treatments imposed 867 
more easily, are more appropriate for experimental units (Perry et al., 2009). It is recommended to 868 
separate plots within sites, often by strips of bare soil of specified width, and to sample towards the 869 
centre of plots to avoid edge-effects. Unless the experiment is set up specifically to study residual 870 
effects from one season to the next, it is recommended not to utilise exactly the same plots over more 871 
than one year at a particular site (Perry et al., 2009).   872 

When it is desirable to assess several different GM plants for one crop species (e.g. Zea mays) the 873 
generation of data for the comparative assessment of these different GM varieties may be produced 874 
simultaneously, at the same site and within the same field trial, by the placing of the different GM 875 
plants and their appropriate conventional counterparts in the same randomized block. This is subject to 876 
two conditions which should be strictly met: (i) each of the appropriate counterpart(s) should always 877 
occur together with its particular GM plant in the same block; (ii) all the different GM plants and their 878 
counterpart(s) should be fully randomized within each block. For further details, and for the use of 879 
partially balanced incomplete block designs, see (EFSA, 2009e). 880 

In general, it is easier to impose controlled conditions in semi-field trials, and these are not subject to 881 
environmental variability to the same extent as are field trials. However, if semi-field trials do not 882 
control conditions then the need to test in different environments (at different sites and/or in different 883 
years) should be considered. 884 

For some GM perennial plants (e.g. trees), the plants themselves may be more appropriate 885 
experimental units than are field plots (Petersen, 1994). Care should be taken to choose an 886 
experimental design that does not suffer unduly from loss of plants during the trial. Whilst it is largely 887 
unnecessary to control for positional variation, plant-to-plant variability should be minimised when 888 
selecting experimental material. 889 

2.3.3.5. Analysis and reporting 890 

It is recommended that the applicant prepares an experimental design protocol and a statistical analysis 891 
protocol for each study (Perry et al., 2009 for a suggested checklist). It is recommended that the 892 
experimental design protocol  comprises full information on the study, and includes but is not 893 
restricted to: (i) a list of the measurement endpoints, and why they were included; (ii) a description of 894 
and justification for of the experimental design; (iii) a description of the experimental units including 895 
dimensions; (iv) the blocking structure of the experimental units, in terms of the factors that represent 896 
it, their levels and whether the factors are nested or crossed; (v) the sampling regime, within and 897 
between experimental units, and through time; (vi) any repeated measurements made in the study; (vii) 898 
the test materials and the justification for their inclusion; (viii) the treatment structure of the study, in 899 
terms of the factors that represent it and their levels; (ix) a list of the interactions, if any, that are of 900 
interest, and why they are; and (x) a description of how the treatment factors listed will be randomized 901 
to the experimental units specified in the blocking structure above. 902 

It is recommended that the statistical analysis protocol comprises full information on the analysis, and 903 
includes but is not restricted to: (i) a description of the generic form of the analysis and why it was 904 
chosen; (ii) the criteria for identifying outliers; (iii) the reasons for any transformations used; (iv) 905 
justification for any distributional assumptions; (v) the scale on which the effects in the experiment are 906 
assumed to be additive; and (vi) justification for any other assumptions made in the analysis. 907 

For field trials, the protocols should also include: (i) details of the management of the fields before 908 
sowing including the cropping system and rotation; (ii) the dates of sowing; (iii) the soil types; (iv) 909 
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insecticide and herbicide use; (v) climatic and other cultivation/environmental conditions during 910 
growth, and where appropriate during harvest; (vi) relevant details of the field margins and 911 
neighbouring fields. 912 

When many measurement endpoints have been included in a study (e.g. where the endpoints represent 913 
several NTO species), the results of all endpoints for which sufficient records have been obtained 914 
should be reported, not just those deemed to be of particular biological or statistical interest. Data 915 
transformation may be necessary to ensure normality and to provide an appropriate scale on which 916 
statistical effects are additive. As is routine in ecological applications, for many measurement endpoint 917 
response variables, a logarithmic transformation (or a generalized linear model with a logarithmic link 918 
function) may be appropriate. In such cases, any difference between the GM plant and any other test 919 
material is interpreted as a ratio on the natural scale. However, for other measurement endpoints the 920 
logarithmic transformation may not be optimal and the natural scale or another scale may be more 921 
suitable. 922 

Allowance must be made for possible correlations between repeated measurements from the same 923 
experimental units. This is especially important (i) where sampling is repeated over several occasions 924 
during a season; and (ii) where the GM plant is a perennial.  925 

Most analyses will involve a test for difference and a test for equivalence. Specifically, for a particular 926 
measurement endpoint, the mean difference(s) between the GM plant and its conventional 927 
counterpart(s) is computed and a 90% confidence interval constructed around it, as in (Perry et al., 928 
2009). This mean(s), these confidence limits and all equivalence limits should be displayed on a 929 
graph(s) similar to Figure 1 of (EFSA, 2009e), but where values are plotted relative to a zero baseline 930 
defined by the mean of the GM plant test materials (see Figure 3 of Perry et al., 2009) and example 931 
therein). The line of zero difference on the logarithmic scale corresponds to a multiplicative factor of 932 
unity on the natural scale. The horizontal axis should be labelled with values that specify the change 933 
on the natural scale. In the case of logarithmic transformation, changes of 2x and ½x will appear 934 
equally spaced on either side of the line of zero difference. 935 

Both the difference test and the equivalence test may be implemented using the well-known 936 
correspondence between hypothesis testing and the construction of confidence intervals. In the case of 937 
equivalence testing the approach used should follow the two one-sided tests (TOST) methodology 938 
(e.g.Schuirmann, 1987) by rejecting the null hypothesis when the entire confidence interval falls 939 
between the equivalence limits. The choice of the 90% confidence interval corresponds to the 940 
customary 95% level for statistical testing of equivalence. Since the confidence interval graph is used 941 
also for the test of difference, each difference test will have a 90% confidence level. Although 1 in 10 942 
of these tests is expected to yield a significant result by chance alone, the applicant should report and 943 
discuss all significant differences observed between the GM plant, its conventional counterpart and, 944 
where applicable, any other test material, focussing on their biological relevance within the context of 945 
risk characterisation. Regarding the simultaneous tests of difference and equivalence, each outcome 946 
from the graph should be categorised and the respective appropriate conclusion should be drawn, 947 
exactly as described in EFSA (2009e).  948 

 949 

2.3.3.6. Statistical analysis of field trials 950 

The main analysis should address all field trials simultaneously and should be based on the full dataset 951 
from all sites. Accordingly, the form of the equivalence test should be that termed ‘average 952 
equivalence’ in the drug testing literature (Wellek, 2002). However, the applicant should ensure that 953 
each analysis has the potential to identify any interactions between sites and years and the test 954 
materials. For each measurement endpoint studied, the applicant should make an explicit statement 955 
concerning the presence or absence of any such interactions. If interactions are found, the possible 956 
reasons for their existence and the implications for the inferences drawn from the trials should be 957 
discussed. The applicant should also provide a table or graph giving, for each site and year and for 958 
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each (transformed) measurement endpoint, the means and standard errors of means of the GM plant 959 
and its conventional counterpart(s), and any other test material, where applicable.   960 

Diversity indices are not recommended for general risk assessment in pre-commercialization studies, 961 
because it is most unlikely that biodiversity can be represented adequately as a single number. By 962 
contrast, multivariate approaches may be useful, especially for summarising data and for analysing 963 
principal response curves (Perry et al., 2009). 964 

Particular recommendations apply for studies of persistence and invasiveness, and the estimation of 965 
selective advantage and disadvantage (see chapter 3.1). 966 

Further discussions and motivations underpinning the above statistical guidance (chapters 2.3.3) may 967 
be found in Perry et al. (2009). 968 

 969 

2.3.3.7. Uncertainties 970 

Directive 2001/18/EC and the Guidance Notes supplementing Annex II to Directive 2001/18/EC 971 
define risk as the product of the magnitude of the consequences of the hazard and the likelihood of the 972 
adverse effect. Both the effect and the likelihood are measured with uncertainty.  973 

ERA has to take into account uncertainty at various levels. Uncertainties may arise from limitations in 974 
the data (e.g. limited exposure data), gaps in the effect database, the limitation of the test systems and 975 
measurement endpoints selected, inadequacy of study designs and the uncertainties in extrapolating 976 
between species (EFSA, 2009b). Scientific uncertainty may also arise from differing interpretations of 977 
existing data or lack of some relevant data. Uncertainty may relate to qualitative or quantitative 978 
elements of the analysis. The level of knowledge or data for a baseline is reflected by the level of 979 
uncertainty, which should be discussed by the applicant. The applicant should in addition assess the 980 
degree of uncertainty within the ERA in comparison with the current uncertainties displayed in the 981 
scientific literature. 982 

Although it may be impossible to identify all the uncertainties, the assessment should include a 983 
description of the types of uncertainties encountered and considered during the different risk 984 
assessment steps. Their relative importance and their influence on the assessment outcome should be 985 
described (EFSA, 2009b). Any uncertainties inherent in the different steps of the ERA (steps 1 to 5) 986 
should be highlighted and quantified as far as possible; this might be done by adapting the 987 
methodology outlined by (Risbey and Kandlikar, 2007). Distinction should be made between 988 
uncertainties that reflect natural variations in ecological and biological parameters (including 989 
variations in susceptibility in populations or varieties), and possible differences in responses between 990 
species. Estimation of uncertainties in experimental data should be handled by proper statistical 991 
analysis, while quantification of uncertainties in assumptions (e.g. extrapolation from environmental 992 
laboratory studies to complex ecosystems) may be more difficult, but should be discussed fully. The 993 
absence of data essential for the environmental risk assessment should be indicated and the quality of 994 
existing data should be discussed. It should be clear from the discussion how this body of information 995 
has been taken into account when the final risk characterisation is determined. Risk characterisation 996 
may be qualitative and, if possible, quantitative depending on the issue to be addressed and the 997 
available data. The terms for the expression of risks and associated uncertainties should be as precise 998 
as possible. For instance, expressions like ‘no/negligible/acceptable/significant risk’ need, where 999 
possible, further numerical quantification in terms of probability of exposure and/or occurrence of 1000 
adverse effects (see also chapter 2.2.1). 1001 

It is recognised that an ERA is only as good as our state of scientific knowledge at the time it was 1002 
conducted. Thus, under current EU legislation, ERAs are required to identify areas of uncertainty or 1003 
risk which relate to areas outside current knowledge and the limited scope of the ERA. These include 1004 
such factors as the impact of the large-scale exposure of different environments when GM plants are 1005 
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commercialised, the impact of exposure over long periods of time and cumulative long-term effects. 1006 
When uncertainty factors (EFSA, 2009b) are used, an explanation of their basis and a justification of 1007 
their appropriateness need to be provided, or a reference to documents where that information may be 1008 
found should be included. When point estimates are used for uncertain quantities, justification for the 1009 
values chosen and assessment of their influence on the assessment should be included (EFSA, 2009b). 1010 

Predicting impacts of GM plants on complex ecosystems which are continually in flux is difficult and 1011 
largely based on experiences with other introductions and an understanding of the robustness of 1012 
ecosystems. It is recognised that an environmental risk assessment is limited by the nature, scale and 1013 
location of experimental releases, which biospheres have been studied and the length of time the 1014 
studies were conducted. Probabilistic methods could be used to determine ranges of plausible values 1015 
rather than single values or point estimates, which are subsequently combined in order to quantify the 1016 
uncertainty in the end result. These methods could provide a powerful tool to quantify uncertainties 1017 
associated with any steps in the environmental risk assessment. When such probabilistic approaches 1018 
are used, the outcome of the environmental risk assessment should be characterized by reporting a 1019 
distribution of the risk estimates. However, the use of quantitative methods does not remove the need 1020 
for a qualitative evaluation of the remaining uncertainties (EFSA, 2009b).  1021 

Scientific knowledge and experience gained from growing GM plants encompassed in PMEM may 1022 
also inform the risk assessment process and provide opportunities to continually update ERA in the 1023 
light of new knowledge.  1024 

 1025 

2.3.4. Long-term effects (including techniques for their assessment)  1026 

A general requirement of an ERA is that an analysis of the "cumulative long-term effects relevant to 1027 
the release and the placing on the market is to be carried out" (EC, 2001). Predicting and assessing 1028 
(adverse) long-term effects requires information about the GM plant and the receiving environment(s) 1029 
(see also chapter 2.3.2), both in terms of the baseline conditions in the receiving environment(s) and 1030 
temporal changes in these conditions following GM plant introduction. The rate and degree to which 1031 
the baseline is likely to change independently of the GM plant (e.g. as a result of new crops and 1032 
agronomy) will vary among production systems. The consideration of long-term effects in the ERA 1033 
should address effects that might arise up to at least 10 years after the start of cultivation, i.e. 1034 
corresponding to the time frame of the consent authorisation (EC, 2001, EFSA, 2008a), but should 1035 
also cover the time period over which progeny of the GM plant might persist  after harvest  in the 1036 
seedbank and appear as volunteers or ferals. Thus, the analysis should be conducted case-by-case and 1037 
applicants should fully justify their approach. Further background information and indicative 1038 
examples are provided in Appendix B of this guidance document. 1039 

 1040 

2.3.4.1. Categories of long-term effects 1041 

Long-term effects might result from a diversity of primary causes and secondary interactions, which 1042 
make it difficult to generalise on methods of investigation. Such effects can be considered in two 1043 
broad categories, however.  1044 

In the first category, long-term or chronic exposure to a particular GM plant or practice results in a 1045 
delayed response by organisms or their progeny (Category I). It may be in some instances that a 1046 
response occurs immediately, but is not detected by the measuring tools or the particular indicators 1047 
employed. For example, exposure over time may affect a species or community by suppressing certain 1048 
functional forms in relation to others, or acting on natural mutations that exist at very low frequency 1049 
such as occurs when pests develop resistance to a pesticide.  1050 
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In the second category, effects occur as the result of an inevitable increase in spatial and temporal 1051 
complexity, determined by the number of possible interactions that a GM plant would have with the 1052 
biota and the physical and chemical environment as it is grown more widely throughout the landscape 1053 
and in more extended sequences of cropping (Category II). There may not necessarily be a chronic or 1054 
delayed effect as in the first category; rather, the effect occurs in certain contexts that are outside those 1055 
experienced in the initial testing, or that have arisen as entirely new contexts due to global 1056 
environmental change or the adoption of new forms of management. The latter may indeed arise as a 1057 
downstream effect of the introduction of the GM plant cultivation itself if this causes a change in the 1058 
sequence or range of plants grown in the production system. 1059 

Nevertheless, an estimate of whether long-term effects of both Categories are expected to occur and 1060 
how PMEM should be followed after commercialisation should be given in any application. Based on 1061 
the characteristics of the GM plant the ERA should consider these long-term effects by reference to 1062 
existing examples, long-term datasets, and in some instances modelling, as indicated below.   1063 

 1064 

2.3.4.2. Techniques and information required to assess long-term effects  1065 

Some effects of Category I might be investigated, at least in principle, in constrained experimental 1066 
systems maintained over several generations of the organisms under study. Questions will still remain, 1067 
however, as to how much the constrained system restricts the range of possible reactions or 1068 
encourages untypical reactions, such as caused by a reduced choice in the foraging range and food 1069 
available to invertebrates that are kept for months or years in controlled environment chambers or 1070 
restricted to intensely managed field plots.  1071 

Category II, by definition, cannot be investigated through an initial experimental phase of testing, even 1072 
at the scale of the field plot, half-field or paired field, none of which can provide the range of 1073 
complexity experienced after full commercial release. For example, the unpredicted increase of grass 1074 
weeds compared to broadleaf weeds in GM herbicide tolerant (GM HT) crop trials on winter oilseed 1075 
rape, and the consequent reduction of the arable food web, were probably a combination of the timing 1076 
of herbicide application, the local climate and the local weed profile - a context that had not been, and 1077 
could not be, examined before large scale, multi-site trialling (see Appendix B). 1078 

Applicants should conduct appropriate desk-based studies to assess long-term environmental effects of 1079 
the GM plant in relation to both categories of long-term effects. Examples of the type of information 1080 
that could be used in assessment are: 1081 

 Experience of cultivating the GM plant or long-term environmental exposure in other regions; 1082 

 Experience from cultivation of similar plants ( GM and non-GM );  1083 

 Long-term ecological or environmental datasets applicable to the receiving environment(s); 1084 
e.g, government statistics on cropped areas, pesticide usage, nutrient inputs, agrochemicals in 1085 
water; ecological surveys showing change in organisms range or abundance;  1086 

 The results of major field experiments on GM plants or other factors that have examined 1087 
effects or GM plant events similar to those of the GM plant under assessment; e.g. the UK’s 1088 
field trials of GM herbicide tolerant crops (Firbank et al., 2003, Perry et al., 2003, Squire et 1089 
al., 2003); long-term field exposure studies to Bt maize in Spain (Farinos et al., 2004, de la 1090 
Poza et al., 2005, de la Poza et al., 2008, Farinos et al., 2008); 1091 

 Quantitative examples of the degree to which previous agricultural change, even if not 1092 
involving GM plants, has affected the appropriate ecological and environmental indicators; 1093 
e.g. response of plants and animals to change in pesticide usage, to change in season of 1094 
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cropping (winter replacing spring crops since the 1970s in many parts of Europe), to 1095 
expansion or contraction of cropped area (the rise of food-quality oilseed rape as a break crop; 1096 
the rise and fall of set-aside); 1097 

 The results of meta-analyses drawing together data from different sources (e.g. Marvier et al., 1098 
2007, Duan et al., 2009, EC, 2009) 1099 

 The use of models of ecological processes to explore or test scenarios: mathematical models of 1100 
ecological processes are unlikely to be considered sufficient justification on their own, but 1101 
may be used to demonstrate that possibilities have been explored. 1102 

 Foreknowledge of relevant change in the production system and wider environment that can 1103 
be expected in the years following release; an example is the withdrawal of pesticides from 1104 
commercial usage.  1105 

 1106 

2.3.4.3. Other guidance for applicants 1107 

The applicant should conclude for each of the chapters 3.1 to 3.7 on the outcomes of the risk 1108 
assessment for long-term effects by summarizing:  1109 

 The methods and approaches used to reach the conclusions, including the published long-term 1110 
or large-scale experiments, reference datasets, analysis and models used directly in the 1111 
assessment; 1112 

 The basis of and justification for a conclusion specific to the GM plant or its management 1113 
(whether a conclusion is for or against the likelihood of a long-term effect); 1114 

 Identification of parts of the monitoring plan that are designed to manage or detect possible 1115 
long-term effects identified in the desk study. 1116 

Applicants should propose indicators and reference databases for appropriate EU-wide surveillance of 1117 
long-term effects resulting from GM plant cultivation. Potential indicators should be further developed 1118 
over time by applicants in cooperation with risk assessors and risk managers. The indicators for 1119 
environmental monitoring should be selected in accordance with the GM plant and its intended uses in 1120 
the receiving environment(s) (see chapter 4). 1121 

 1122 

2.3.5. Risk assessment of GM plants containing stacked transformation events 1123 

The risk assessment of stacked events should follow the general principles provided in this GD 1124 
although, on a case-by-case basis, not all components of chapter 3 may be relevant. Conversely, 1125 
additional information may be required. 1126 

In the context of this GD, the term 'stacked event' will refer to a GM plant derived from conventional 1127 
crossing of assessed single events. Where all single events have been fully risk assessed for their 1128 
potential risks due to cultivation, the risk assessment of stacked events should mainly focus on issues 1129 
related to a) stability of the inserts, b) expression of the events and c) potential synergistic or 1130 
antagonistic effects resulting from the combination of the events. Where one or more single event(s) 1131 
has not been assessed for cultivation purposes, but for food/feed use, the risk assessment should also 1132 
evaluate these events with respect to their potential impacts on the environment (EFSA, 2007).  1133 

A risk assessment of the single events is a pre-requisite for the assessment of stacked events. The 1134 
assessment of GM plant containing more than two transformation events combined by conventional 1135 
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crossing shall cover all sub-combinations of these events. In such a case, the applicant shall either 1136 
provide a scientific rationale justifying that there is no need for experimental data obtained for the 1137 
concerned sub-combinations or provide the experimental data. It must be demonstrated that i) each 1138 
event in the highest number of stacked events has been risk assessed, ii) the highest stacked event 1139 
behaves the same way as the single events and sub-combinations with respect to a) and b) above and 1140 
covers the evaluation of the sub-combinations with respect to c). 1141 

The appropriate conventional counterpart for stacked events should be selected in accordance with the 1142 
principles defined in chapter 2.3.1. Single parental GM lines or GM lines containing previously 1143 
stacked events that have been fully risk assessed may be included as additional comparators. The 1144 
applicant should provide detailed information justifying the choice of additional comparators.  1145 

 1146 

Persistence and invasiveness including plant-to-plant gene flow (see chapter 3.1) 1147 

Comparison between plants containing the stacked events and their conventional counterparts during 1148 
one representative growing season and multiple geographical locations representative of the various 1149 
environments in which the GM plants will be cultivated is necessary. Additional field data may be 1150 
required if changes are observed in phenotype or growth characteristics such as behaviour, fitness, 1151 
reproduction, survivability or dissemination.  1152 

In GM plants with more than a single transgene (e.g. stacked GM plant events), applicant should 1153 
consider whether the combination of transgenes may lead to enhanced persistence or invasiveness that 1154 
is more than the expected from the simple product of the single traits. 1155 

 1156 

Interactions of stacked events with target organisms (see chapter 3.3) 1157 

For stacked events, potential additive or synergistic effects of different toxic substances should be 1158 
taken into considerations. In order to evaluate/identify possible altered efficacy of biocidal gene 1159 
products to target organisms in the stacked events as compared to the single events, the potential 1160 
impact on target organisms should be assessed. In addition consequences of any interaction on the 1161 
development of resistance in target organisms should also be assessed and considered when 1162 
developing risk management strategies.  1163 

 1164 

Interactions of stacked events with non-target organisms (see chapter 3.4) 1165 

Stacked biocidal events may have different effects on non-target organisms when compared with the 1166 
individual events. Therefore, there is a need to focus on changes in sensitivity of non-target organisms 1167 
and/or specificity of biocidal gene products. To test the hypothesis that such combined events do not 1168 
interact, tests on a range of relevant non-target organisms representing ecological functions, using 1169 
plant material containing the combined events may be required. Testing should follow the same 1170 
approach as described in 3.4. 1171 

 1172 

Impacts of the specific cultivation, management and harvesting techniques (see chapter 3.5) 1173 

Differences in the specific cultivation, management and harvesting techniques between plants 1174 
containing the stacked events and the parental lines, and any environmental impacts of such 1175 
differences, should be evaluated and, where appropriate, supported by relevant data.  1176 
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 1177 

Post Market Environmental Monitoring Plan (see chapter 4) 1178 

The general principles of the PMEM as described in this GD are appropriate for applications 1179 
concerning stacked events. Case-specific monitoring should take into account the results of the ERA, 1180 
plus any monitoring already proposed or established for single events previously assessed. 1181 
Consideration should be given to any additional environmental exposure or other effect due to the 1182 
combination of events identified in the environmental risk assessment. General surveillance should 1183 
proceed as for any other GM plant and take account of any general surveillance plans already 1184 
proposed or established for single events previously assessed.  1185 

 1186 

3. Specific areas of risk to be addressed in the ERA 1187 

The EFSA GMO Panel groups the environmental risks outlined in Annex II of Directive 2001/18/EC 1188 
(EC, 2001) and Decision 623/2002/EC (EC, 2002a) into seven specific areas. For each specific area of 1189 
risk, the applicant is requested to provide information in a clear and concise way, following 1190 
systematically the first 5 steps of the ERA as described below and in chapter 2.2. 1191 

 Step 1: problem formulation (chapter 2.2.1) 1192 

 Step 2: hazard characterisation (chapter 2.2.2) 1193 

 Step 3: exposure characterisation (chapter 2.2.3) 1194 

 Step 4: risk characterisation (chapter 2.2.4) 1195 

 Step 5: risk management strategies (chapter 2.2.5) 1196 

 Conclusions  1197 

For each specific area of risk (step 1 to 5), the applicant should conclude by summarising the 1198 
assessment, the assumptions taken, the available information and identified gaps, the data produced, 1199 
the estimated uncertainty,  the characterisation of the risk(s) and the need, or not, for risk management 1200 
strategies are required.  1201 

At step 6 (chapter 2.2.6), the applicant is requested to consider the overall evaluation performed and to 1202 
provide overall conclusions and recommendations of the ERA. The overall conclusions and 1203 
recommendations should provide the frame for the risk management strategies including the PMEM 1204 
and therefore, a link to chapter 4 should be made.  1205 

 1206 

3.1. Persistence and invasiveness including plant-to-plant gene flow 1207 

3.1.1. Step 1: Problem formulation 1208 

Some environmental concerns about GM plants relate to the potential persistence or invasiveness of 1209 
the plant itself, or of its wild relatives, as a result of vertical gene flow within agricultural or other 1210 
production systems, and semi-natural or natural habitats. The potential adverse effects are of two main 1211 
types. First, enhanced persistence or fitness of the GM plant or of transgenic (introgressed) wild 1212 
relatives within production systems may exacerbate weed problems that may need to be controlled by 1213 
more complex weed control strategies, which themselves might cause environmental harm. Second, 1214 
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enhanced persistence, fitness or invasiveness of transgenic feral plants, or of transgenic plant x wild 1215 
relative hybrids in semi-natural habitats may reduce the diversity/abundance of valued flora and fauna. 1216 
For instance, native plant species may be displaced, which in turn might affect species that use those 1217 
plants as food, shelter, etc. Additionally, and depending on which plant and which transgenes are 1218 
involved, gene flow to wild relatives may decrease the fitness of hybrid offspring. If rates of gene flow 1219 
are high, this may cause wild relatives to decline locally, or to become extinct (e.g. swarm effect, 1220 
outbreeding depression). Therefore, problem formulation should focus on the potential of a GM plant 1221 
to be more persistent or invasive than conventional counterparts, and on the potential for gene flow to 1222 
cross-compatible wild relatives whose hybrid offspring may become more weedy or invasive, or may 1223 
suffer from outbreeding depression. To cover all relevant receiving environments, problem 1224 
formulation should address not only the conditions of the production system under which the GM 1225 
plant will be grown, but also semi-natural and natural habitats of interest. Viable GM plant seeds or 1226 
propagules spilled during import, transportation, storage, handling and processing can lead to feral 1227 
plants that colonize and invade semi-natural and natural habitats where they reproduce and establish 1228 
self-perpetuating populations. Since the environment (including biodiversity) is to be protected from 1229 
harm according to protection goals set out by EU legislation (see Table 1), the diversity/abundance of 1230 
valued flora and fauna should be considered as an assessment endpoint.  1231 

A staged approach describing how the presence of an introduced trait may exacerbate weed problems 1232 
in a production system, or cause environmental harm within the wider environment is proposed as 1233 
outlined in Figure 4. The purpose of the staged approach is to ensure that detailed case-specific 1234 
information on both assessment and measurement endpoints is supplied to test relevant hypotheses 1235 
formulated in the problem formulation process, and that information requirements remain 1236 
proportionate to the potential risk. Questions 1 to 11 in Figure 4 outline the issues to be addressed to 1237 
estimate the likelihood of occurrence of the two types of adverse effect. The questions are divided into 1238 
four stages. Depending upon the trait(s), plant species, the intended use and receiving environments 1239 
under consideration, information may only be required for stage 1, stages 1 & 2, stages 1 & 3, stages 1240 
1, 2 & 3 or for all stages.  1241 

In considering the questions in Figure 4, the mechanisms and routes by which plants are exposed to 1242 
the introduced trait should be considered. For current GM plant applications for cultivation, the 1243 
principle route will be through the sowing of seed in fields, and the consequent movement of pollen 1244 
and distribution of seed or propagules to other fields and the wider environment. For GM plant 1245 
applications with the scope of import and processing for food and feed uses, the ERA on persistence 1246 
and invasiveness is concerned mainly with the accidental release of viable GM seeds or propagating 1247 
material during import, transportation, storage, handling and processing, together with the 1248 
environmental consequences thereof. Therefore, the ERA needs to consider the scale of environmental 1249 
exposure, and if this could ultimately lead to GM plants being established in receiving environments. 1250 
In the latter case, the risk assessment described above and in Figure 4 is applicable.  1251 

Stage 1 consists of providing basic information that enables characterising the GM plant and 1252 
identifying differences between it and conventional counterparts. Information provided should be used 1253 
to establish whether (i) the GM plant can grow, reproduce and overwinter, and therefore have the 1254 
potential to contribute to volunteer populations within the production system, and whether (ii) wild 1255 
relatives occur in the receiving environment(s) of the GM plant with which it can hybridise. It is 1256 
possible that GM traits may move to wild relatives through hybridisation within one growing season, 1257 
even if the GM plants are unable to overwinter – consequently, it is important that the hybridisation 1258 
potential is assessed in stage 1. For plants that can either reproduce or overwinter in the EU, stage 2 1259 
should explore the potential for the GM plant to contribute to volunteer populations and persist in 1260 
production systems, and establish whether the GM plant will be capable of forming feral populations 1261 
outside production systems. Stage 2 also allows for consideration of whether the transgene can be 1262 
transmitted to wild relatives independently of the existence of volunteers or ferals. If feral populations 1263 
are likely and/or if hybridisation is plausible, then stage 3 requires information to establish if GM traits 1264 
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will enhance the fitness24 of feral plants, or of hybrid and backcross plants. Since feral plants or hybrid 1265 
and backcross plants may exhibit fitness advantages across a wider range of environmental settings, 1266 
stage 3 also consists of providing information that enables assessing the ability of these plants to 1267 
occupy larger ecological niches than their conventional counterparts. It is anticipated that certain GM 1268 
traits may enable the GM plant to expand its geographical range, and to grow in new areas close to 1269 
wild relatives from which it was previously isolated. Finally, if enhanced fitness or the ability to 1270 
occupy new niches are demonstrated, stage 4 information is needed to establish whether this will allow 1271 
populations to increase and invade new communities or, alternatively if this will lead to populations of 1272 
wild relatives to decline or become extinct, and to assess the potential environmental consequences of 1273 
this. 1274 

Information required for testing the hypotheses formulated in the problem formulation process can be 1275 
extracted from data generated by applicants and/or from the scientific literature. Some GM plants with 1276 
the same traits or similar events may have been grown for a number of years at a large scale such that 1277 
field-generated data on persistence and invasiveness are available. If applicants use data from outside 1278 
the EU, they should justify why these data are relevant for the range of receiving environments where 1279 
the plant will be grown in the EU. 1280 

                                                      
 
24 Fitness is defined as the number of seeds (or propagules) produced per seed sown, and includes the whole life cycle of the 

plant (Crawley et al., 1993b). In some studies, only components of fitness are measured – frequently this is fecundity 
(Snow et al., 2003). If other vital rates are unchanged (which is an assumption that should be substantiated), an increase in 
fecundity will lead to an increase in fitness. Enhanced fitness can be defined as a characteristic of an individual or 
subpopulation of individuals that consistently contribute more offspring to the subsequent generation (Wilkinson and 
Tepfer, 2009). Fitness is usually inferred from a composite measure of relative plant germination, emergence, growth, and 
fecundity under intra- and interspecific competition, with fecundity of greatest importance (Warwick et al., 2009).  
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Figure 4:  Questions defining four stages of information requirements to test formulated hypotheses 1283 
concerning persistence and invasiveness of a GM plant itself, or of its wild relatives as a result of 1284 
vertical gene flow.  1285 

 1286 

3.1.2. Step 2: Hazard characterization  1287 

Step 2 of ERA consists of characterising any hazards, identified during the problem formulation 1288 
process, which might lead to adverse effects as a consequence of altered persistence and invasiveness 1289 
at the production site or in the wider environment. 1290 

 1291 

3.1.2.1. Stage 1 information requirements: 1292 

All GM plant applications, including those for import and processing of viable propagating plant 1293 
material, should provide information to answer all questions in stage 1 of Figure 4. Information on the 1294 
following seven characteristics should be collated and assessed. 1295 

a) Reproductive biology. The reproductive biology of the GM plant and its parental lines, including 1296 
their dissemination and survivability are important, as plants have different reproduction strategies. 1297 
Since trait(s) can move spatially and temporally via the transfer of pollen, seeds, or vegetative 1298 
propagules, this description should consider relevant avenues and vectors for vertical gene flow, 1299 
together with factors that affect the probability of these processes.  1300 

When considering the potential impact of gene transfer from GM plants, it is important to assess 1301 
whether the GM plant has any different capacity for gene transfer than its conventional counterpart. 1302 
The gene(s) inserted may modify the potential for plant to plant gene transfer due to altered flower 1303 
biology (e.g. altered flowering period), attractiveness to pollinators, fertility, or changed pollen 1304 
viability and compatibility.  1305 

b) Seed germination characteristics. Growth chamber experiments and information collected during 1306 
field trials should enable assessment of seed germination characteristics of the GM plant under various 1307 
conditions. Exposing seeds to different temperature, moisture, oxygen and light intensity regimes at 1308 
different points in time may provide indications of, for example, a lack of cold hardiness or propensity 1309 
to enter secondary dormancy. Moreover, the comparison of germination characteristics between the 1310 
GM plant and its conventional counterpart might identify potential changes in the GM plant that 1311 
require further analysis. 1312 

c) Phenotype under agronomic conditions. The general phenotypic characteristics of the GM plant 1313 
should be assessed in field trials to establish potential differences between the GM plant and its 1314 
conventional counterpart (see e.g. Horak et al., 2007, Garcia-Alonso, 2009, Raybould et al., 2009). 1315 
Characteristics under consideration include plant establishment and vigour, time to flowing and 1316 
maturity, growth, plant height and dry matter production, seed and yield characteristics, vernalisation 1317 
requirement, attractiveness to pollinators, and pollen shed, viability, compatibility and morphology. 1318 

In addition to plant growth, development and reproduction observations, any visually observable 1319 
response to naturally occurring insects, diseases and/or abiotic stressors (such as heat, drought, and 1320 
excess of water) is recorded during the growing season, which provides indications of biotic and 1321 
abiotic stress responses and thus susceptibility/adaption to stresses.  1322 

d) Seed persistence leading to volunteer occurrence. Measurements or observations such as volunteer 1323 
number in subsequent crops/plantations indicate the potential for seeds and vegetative propagules from 1324 
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a GM plant to give rise to volunteer populations. Post-harvest field inspection data in which volunteer 1325 
numbers are reported can serve as an information source and provide indications on the overwintering 1326 
potential of the GM plant seeds. Seed burial experiments can also give indications of changes in 1327 
dormancy and seed persistence (e.g. Hails et al., 1997). 1328 

e) Current capacity for weediness or invasiveness. The history of cultivation of the GM plant and its 1329 
parental plants should be examined for evidence of whether these plants have become a weed or 1330 
invasive elsewhere. Historic data from a region may be a valuable predictor of the potential for 1331 
persistence or invasiveness.  1332 

The cultivation of the GM plant in non-EU countries may provide relevant information on persistence 1333 
and invasiveness, and on consequences of unintended release into the European environment. The 1334 
applicant should summarize the existing information.  1335 

If there is little information on the GM plant cultivation history, describing plant characteristics that 1336 
may favour weediness or invasiveness (such as seed dormancy, discontinuous germination, rapid 1337 
seedling growth, phenotypic plasticity, asynchronous flowering, propagule shattering, seed dispersal 1338 
mechanisms, strong competitive ability) can support the assessment of persistence or invasiveness 1339 
potential. 1340 

f) Release of limitation to invasiveness. Characteristics associated with weediness or invasiveness have 1341 
been bred out of many crops during domestication (Warwick and Stewart, 2005), it is therefore 1342 
relevant to describe domestication characteristics that restrict or limit the niche of the plant to certain 1343 
habitats, or that control its population size. Then, based on available scientific knowledge, it is 1344 
advisable to assess whether the acquisition of a trait would release the GM plant from these limiting 1345 
factors and lead to invasion and spread. These considerations should be related to the receiving 1346 
environment(s) of the GM plant, because weediness or invasiveness will be determined by the 1347 
interactions among the plant species, transgene(s) and receiving environment(s). Characteristics 1348 
advantageous in production areas may not necessarily have similar benefits in semi-natural or natural 1349 
areas. 1350 

In GM plants with more than a single transgene (e.g. stacked GM plant events), the applicant should 1351 
consider whether the combination of transgenes may lead to enhanced persistence or invasiveness that 1352 
is more than the simple product of the single traits. 1353 

g) Hybridisation and introgression potential with sympatric cross-compatible wild relatives. The 1354 
potential for a plant to hybridise with a wild relative is highly dependent on their sexual compatibility 1355 
and relatedness (Eastham and Sweet, 2002, Ellstrand, 2003, Jenczewski et al., 2003, FitzJohn et al., 1356 
2007, Jorgensen et al., 2009). Some level of genetic and structural relatedness between genomes of 1357 
both species is needed to produce viable and fertile plant x wild relative hybrids that stably express the 1358 
transgene. Also, both species must occur in their respective distribution range of viable pollen, which 1359 
requires at least partial overlap in flowering in time and space, and common pollinators (if insect-1360 
pollinated). For the stabilisation of the transgene into the genome of the recipient (introgression), 1361 
genes must be transmitted through successive backcross generations or selfing. Therefore the risk 1362 
characterization should consider features such as the proximity of and flowering synchrony of wild 1363 
relatives, and the viability, fertility, genetic compatibility and fitness of hybrid and backcross plants.  1364 

 1365 

3.1.2.2. Stage 2 information requirements 1366 

Stage 2 information will be required for plants that could overwinter in some parts of the EU under 1367 
production system (e.g. agricultural) conditions, or transmit genes to wild relatives that could 1368 
overwinter if the GM plants themselves could not. The risk assessment should consider whether the 1369 
GM trait could cause the plant to become a more serious weed within the production site. The 1370 
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assessment should also consider whether the GM trait has the potential to move beyond production 1371 
sites into feral populations, or through hybridisation and introgression into wild relatives outside the 1372 
production areas. If neither of these is likely, then the characterization should stop at stage 2.  1373 

Data on relative persistence and fitness25 of the GM plant under production conditions may be 1374 
available in the scientific literature, or new data may be required in the form of (i) monitoring of 1375 
existing GM plants in comparable climatic conditions25; (ii) manipulative field experiments comparing 1376 
GM and conventional plant fitness under a range of environmental conditions representative of EU 1377 
production receiving environments; and/or (iii) population models parameterised by appropriate field 1378 
data to explore the long-term persistence of GM traits in relevant crop rotations. The most direct way 1379 
to measure fitness is by conducting experiments in production sites in representative regions over two 1380 
or three years. Relative fitness is dependent upon the environmental context. Glasshouse, growth 1381 
chamber and microcosm experiments can reveal differences under specific, possibly ideal conditions 1382 
(e.g. Snow et al., 1999), and such experiments can be more highly replicated and therefore more 1383 
powerful then field experiments. However, observed differences in controlled conditions do not 1384 
necessarily translate into field conditions and may require further data or population modelling to 1385 
allow a complete interpretation (Birch et al., 2007).  1386 

Persistence or enhanced fitness of volunteers or hybrids should be considered in the context of typical 1387 
crop rotations. For example, Brassica napus, may be used as a break crop one year in four; the 1388 
acquisition of herbicide resistance genes by weedy Brassica rapa in years 2-4 may be relatively 1389 
inconsequential as this weed, and crop volunteers, may be controlled by alternative herbicides. 1390 
However, persistence of transgenic weedy B. rapa x B. napus hybrids in year 5 could have 1391 
consequences for the following B. napus crop. 1392 

Crops vary considerably in their ability to form feral populations and this is extensively recorded in 1393 
the scientific literature (e.g. Bagavathiannan and Van Acker, 2008). If the conventional crop forms 1394 
feral populations, then this will allow the GM trait to persist outside production systems, and the 1395 
consequences of this will need to be assessed (stage 3). Similarly, there is extensive literature available 1396 
on the sexual compatibility of crops with their wild relatives, and this was discussed earlier (see 1397 
stage 1). Both of these routes allow potential persistence beyond the production site, and this leads to 1398 
the next stage. 1399 

 1400 

3.1.2.3. Stage 3 information requirements:  1401 

Stage 3 information will be required for plants that can form feral populations in semi-natural habitats, 1402 
or for which there are sexually compatible wild relatives that are likely to be recipients of transgenes. 1403 
The risk assessment will need to evaluate whether transgenic feral plants, or wild relatives containing 1404 
the GM trait, will exhibit enhanced fitness in semi-natural habitats. This may be achieved through (i) 1405 
observations from regions growing the GM plant; (ii) manipulative field experiments (Crawley et al., 1406 
1993a, Crawley et al., 2001); (iii) greenhouse, microcosm or growth chamber experiments with 1407 
additional field data and/or models to aid interpretation; or through (iv) knowledge of the ecology of 1408 
feral crops and wild relatives and the phenotypic consequences of the presence of the GM trait. Fitness 1409 
will vary depending upon the environmental context (including anthropogenic influences like 1410 
mowing), particularly upon the presence of inter and intra-specific competitors, the presence of 1411 
herbivores and pathogens, and the abiotic conditions. The variation in fitness according to biotic and 1412 
                                                      
 
25 Monitoring of herbicide tolerant (HT) genes in commercial B. napus fields which also contained weedy B. rapa has 

confirmed the abililty of the HT genes to persist over time in the absence of selection pressure (Warwick et al., 2008). 
Even if the GM trait does not enhance the fitness of the GM plant, it may still persist for several generations after 
introduction (D'Hertefeldt et al., 2008). Volunteers may act as a genetic bridge, and so enable transgene persistence (Hall 
et al., 2000, Reagon and Snow, 2006). Under such circumstances, the consequence of this persistence in commercial fields 
needs to be considered.  
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abiotic conditions is often referred to as a ‘genotype by environment interaction’. It is therefore 1413 
important that an appropriate range of environmental conditions are considered. 1414 

The most direct way to measure relative fitness is via manipulative field trials in a range of suitable 1415 
habitats and over a minimum of two years. In designing such experiments, field sites should be 1416 
representative of the receiving environments. The timescale should be sufficient to ensure a range of 1417 
abiotic conditions are experienced by the experimental plants – for example a minimum of two years. 1418 
This could influence ability to overwinter or interactions with some pathogens (e.g. colder wetter 1419 
winters favour fungal plant pathogens). The number of seasons should also be sufficient to ensure that 1420 
a range of biotic pressures (pathogen and herbivore pressure for example) are experienced, although 1421 
this may also be enhanced by experimental treatments (see below). Treatments should always include 1422 
disturbance, in which perennial vegetation is removed before experimental seed is sown, as many 1423 
crops are not strong competitors with species in semi-natural habitats, but may be able to exploit 1424 
disturbed areas in the manner of ruderal species. Other treatments should be guided by the transgenic 1425 
trait being considered. For example, enhancing the densities of herbivores within limits not 1426 
infrequently experienced in the field could simulate years of high herbivory. This would allow the 1427 
hypothesis to be tested that insect resistant GM crops may have enhanced fitness under these 1428 
conditions. The experimental design should allow the treatment by disturbance interaction to be tested. 1429 
Fitness advantages in response to certain selection pressures may only be manifest under disturbed or 1430 
undisturbed conditions. Plot size should be sufficient to allow the subsequent generation to be 1431 
monitored, following seed dispersal and recruitment. The parameters measured should include survival 1432 
in the seed bank as well as survival and fecundity of adult plants, to allow the lifetime fitness to be 1433 
estimated. 1434 

Detailed knowledge of the ecology of feral crops and wild relatives and the phenotypic consequences 1435 
of carrying the GM trait may lead to the conclusion that the GM trait is extremely unlikely to confer a 1436 
fitness advantage in semi-natural habitats. This may be supported by information from other events of 1437 
the same GM trait. For example, it is unlikely that herbicide tolerant genes will influence fitness unless 1438 
in the presence of the herbicide. There is now a body of evidence to support this conclusion (Crawley 1439 
et al., 1993a, Crawley et al., 2001, Warwick et al., 2008). 1440 

Greenhouse, microcosm or growth chamber experiments can be used to manipulate the relevant 1441 
ecological factors. If a wild relative suffers reductions in fecundity through the action of insect 1442 
herbivores or plant pathogens, then introgression of insect resistance GM traits or pathogen resistance 1443 
GM traits could result in enhanced survival (e.g. Warren and James, 2006) and fitness (e.g. Vacher et 1444 
al., 2004).  1445 

One complication that arises in the interpretation of comparatively simple greenhouse experiments is 1446 
that ecological factors rarely influence plant performance and fitness independently. Competition is 1447 
likely to modulate the rate at which individual plants recover from herbivory (Weis et al., 2000) or 1448 
pathogen attack, and so possession of resistance genes may be more valuable when competition is 1449 
high. Thus experiments which explore the interaction between herbivory and competition would be 1450 
necessary to interpret greenhouse results.  1451 

The detection of fitness differences from controlled greenhouse experiments requires further 1452 
information for accurate interpretation. For example, the frequency and intensity of herbivore and 1453 
pathogen attack under field conditions would be needed to interpret the consequence of the 1454 
experimental results described above. Population models, parameterised by greenhouse and/or field 1455 
data can be used to explore the conditions under which GM plants may invade and establish (e.g. 1456 
Damgaard and Kjaer, 2009). This allows worse-case scenarios to be explore, and the consequences of 1457 
any uncertainty in parameter estimates to be explicitly defined.  1458 

For some specific GM traits, for example some of the stress tolerance genes in the pipeline (Damude 1459 
and Kinney, 2008a,b, Newell-McGloughlin, 2008, Roelofs et al., 2008, Ufaz and Galili, 2008, 1460 
Warwick et al., 2009), it is expected that the GM plant, or introgressed wild relative would be able to 1461 
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grow beyond the geographical range of the conventional crop. The methods outlined above, 1462 
particularly manipulative field experiments, knowledge of the ecology of the feral plant and its 1463 
sexually compatible wild relatives, microcosm experiments and modelling approaches, are tools that 1464 
can address this issue.  1465 

For those crops for which no significant increases in fitness can be detected, or are thought likely, for 1466 
either GM plants or their wild relatives, then exposure characterization should stop at stage 3. 1467 
However, if fitness differences are detected, then further assessment is required to interpret the 1468 
potential consequences (stage 4).  1469 

 1470 

3.1.2.4. Stage 4 information requirements:  1471 

Stage 4 information would be required for those GM crops for which the presence of the GM trait in 1472 
either the feral crop or a wild relative causes an alteration in fitness, or increases the range of habitats 1473 
in which the plant may survive and reproduce.  1474 

Enhanced fitness may or may not result in population increase of the transgenic plant compared to its 1475 
conventional counterpart, depending upon the factors limiting or regulating the population. A 1476 
combination of field experiments (possibly supplemented with growth chamber data), population 1477 
models and knowledge of the ecology of the potential recipients of the GM trait would then be 1478 
required to interpret the potential consequences of enhanced fitness.  1479 

Detailed knowledge of the ecology of feral crops and wild relatives including knowledge of the 1480 
habitats in which wild relatives have established populations, and the factors that limit and regulate 1481 
populations will facilitate an interpretation of the likely impact of a GM plant. For example, if specific 1482 
herbivores are known to have an impact on the fecundity of a particular plant species, and these 1483 
herbivores are susceptible to insect resistance GM traits, then introgression of those insect resistant 1484 
GM traits could lead to ecological release – but only when those plant populations are seed limited.  1485 

Manipulative field experiments may be required to determine if a plant species is seed or microsite-1486 
limited. For example, seed addition experiments, in which seeds are added as a supplement to 1487 
undisturbed habitats, followed by monitoring of subsequent generations (and appropriate controls) can 1488 
determine the degree to which a species may be seed limited, and may be carried out with 1489 
conventional counterparts. A reasoned argument may then be presented to assess whether the GM 1490 
plant would be expected to behave in a similar manner, and whether enhanced fecundity would alter 1491 
dynamics. Similar experiments may be used to deduce other limiting or regulating factors. 1492 

Population models (e.g. stochastic models), parameterised with field data, may be required to interpret 1493 
the long-term impacts of GM trait presence on field populations. For example, it is likely that more 1494 
than one biotic or abiotic factor is influential in determining population levels of a plant species over a 1495 
number of seasons. Parameterised models may allow the impact of the presence of a GM trait to be 1496 
modelled over several seasons, in which putatively important biotic factors (such as herbivores and 1497 
pathogens) fluctuate in abundance. The range of conditions under which population increase may 1498 
occur could then be estimated, in order to determine the occurrence and extent of environmental 1499 
damage. 1500 

A form of outbreeding depression may occur if (i) there are high rates of hybridisation with a wild 1501 
relative and (ii) the GM trait decreases hybrid fitness. The methods outlined above, specifically 1502 
manipulative field experiments and/or parameterised population models, could be used to estimate the 1503 
conditions under which this is likely to occur.  1504 
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Finally, the consequences of an increase in abundance or increased range of the transgenic species or 1505 
of outbreeding depression could be the decline or even extinction of desirable species, or another form 1506 
of habitat alteration that is undesirable. 1507 

 1508 

3.1.3. Step 3: Exposure characterization 1509 

An exposure characterization should be conducted for any hazards identified in the ten questions and 1510 
four stages of Figure 4. Exposure characterization should be carried out for all applications, including 1511 
those for import and processing of viable propagating plant material. 1512 

 1513 

3.1.4. Step 4: Risk characterization 1514 

The answers to the questions posed in Figure 4 lead to the characterization of the two possible risks – 1515 
that of adverse effect in the production area, in which the GM trait causes the plant and/or its wild 1516 
relatives to become a more persistent weed in subsequent rotations; and that in the wider environment, 1517 
where the presence of the GM trait causes a decline in biodiversity. The applicant should characterise 1518 
these risks e.g. by determination of whether any expected change falls within the range defined as 1519 
being acceptable during problem formulation. If this is not the case then risk management strategies 1520 
may be required. 1521 

 1522 

3.1.5. Step 5: Application of risk management strategies 1523 

If the ERA identifies risks related to persistence and invasiveness, strategies to manage these risks 1524 
may be required and should be defined by the applicant. These strategies might focus on reducing 1525 
transgene movement by lowering sexual fertility, or be directed at controlling the progeny of GM 1526 
plants resulting from gene flow. If measures for controlling volunteers, ferals or wild relatives are 1527 
proposed, the associated impacts should be considered by reference to chapter 3.5. Applicants should 1528 
evaluate the efficacy and reliability of any risk mitigation measures and conclude on the final level of 1529 
risk resulting from their application. Remaining identified risks and risk management measures should 1530 
be considered when formulating post market monitoring plans.  1531 

 1532 

3.1.6. Conclusions 1533 

The risk assessment should conclude on i) the extent to which the GM plant and/or hybridising 1534 
relatives are more persistent or invasive in different environments, including agricultural and other 1535 
production systems and semi-natural habitats; ii) whether any changes in fitness may result in changes 1536 
in population size; iii) the extent to which changes in population size may result in environmental 1537 
damage, including the consequences for biodiversity (and functional biodiversity) and impact on any 1538 
other biota in different receiving environments; iv) why any anticipated harm may be considered 1539 
acceptable; v) what risk management measures may be required to mitigate any harm. 1540 
 1541 

 1542 
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3.2. Plant to micro-organisms gene transfer  1543 

In the context of cultivation and use, recombinant DNA will be released from GM plants into the 1544 
environment, e.g. into soil, inside the gut of animals feeding on plant material, therefore it is necessary 1545 
to consider the likelihood of gene transfer into micro-organisms and its stabilisation e.g. by integration 1546 
into their genomes. Horizontal gene transfer (HGT) is here defined as any process in which an 1547 
organism incorporates genetic material from another organism without being the offspring of that 1548 
organism. The evaluation of the impact of this HGT includes analysis of the transfer of recombinant 1549 
plant DNA to initially receiving micro-organisms and potential transfer to other organisms (micro-1550 
organisms, plants) and the potential consequences of such a gene transfer for human and animal health 1551 
and the environment. Although the extent of environmental exposure is likely to differ between 1552 
applications for import and processing and for cultivation, the issues to be considered in the ERA are 1553 
expected to be similar. 1554 

 1555 

3.2.1. Step 1: Problem formulation 1556 

Micro-organisms, especially bacteria, are capable of exchanging genetic material directly between 1557 
each other and even across species boundaries using different mechanisms i.e. conjugation, 1558 
transduction or transformation. Horizontal gene transfer can be initiated by uptake of cell free DNA 1559 
from the environment, which may also include DNA derived from GM plants. After initial HGT from 1560 
plant to micro-organism, the horizontally transferred genes may be further spread to other micro-1561 
organisms. Although HGT from plant to micro-organisms is regarded as a rare event, there may be 1562 
consequences for human and animal health and the environment and therefore they should be 1563 
considered in the ERA. This ERA will depend on the potentially acquired character and the prevalence 1564 
of similar traits in microbial communities26 (EFSA, 2009g). The problem formulation also needs to 1565 
consider the routes of exposure in the receiving environment(s) as well as the assessment endpoints 1566 
being representative of the aspects/parts of the environment(s) that need to be protected from adverse 1567 
effects.  1568 

Therefore the problem formulation should focus on:  1569 

 Detailed molecular characterization of the DNA sequences inserted in the plant27 including 1570 
information on the potential of the promoter elements to drive expression in micro-organisms; 1571 

 Presence of antibiotic resistance marker genes; 1572 

 Presence of inserted plant DNA sequences showing similarities with DNA sequences from 1573 
relevant microbial recipients enhancing the probability of recombination and subsequent 1574 
stabilisation34 or containing mobile elements; 1575 

 Presence of recipient micro-organisms for transgenic DNA in the receiving environment(s);  1576 

 Selective conditions (including co-selection) enhancing the probability of dissemination and 1577 
maintenance of the genetic material from GM plants in natural microbial communities 28; 1578 

                                                      
 
26 The current state of knowledge (EFSA, 2009g) indicates that the HGT from GM plants to micro-organisms with 

subsequent expression of the transgene is regarded as a rare event under natural conditions. 
27 Integration of DNA fragment in micro-organisms occurs mainly by homologous recombination. For this reason, the 

presence in the plant DNA of sequences with high similarity to microbial DNA would increase the probability of transfer 
Available data indicate that integration of genes from plants into bacteria in the absence of DNA sequence identity is, at 
most, a rare event (EFSA, 2009g). 

28 In the case of a HGT under natural conditions, the exposure of transformed cells to a selection pressure would be critical 
for the dissemination and maintenance of horizontally transferred genes. 
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 Potential for long-term establishment of the genetic material from GM plants in natural 1579 
microbial communities (see chapter 2.3.4); 1580 

 Ecological or human and animal health consequences of a potential HGT from GM plant to 1581 
micro-organisms29 1582 

 1583 

3.2.2. Step 2: Hazard characterization  1584 

If a hazard has been identified in step 1 of the ERA (chapter 3.2.1) the hazard should be further 1585 
characterized (e.g. the potential spread of antibiotic resistance genes and potentially reduced efficiency 1586 
of antibiotic treatment). Hazard characterization should consider information on the prevalence and 1587 
distribution of genes (similar to the transgene(s) in natural environment(s).  1588 

 1589 

3.2.3. Step 3: Exposure characterization 1590 

Exposure characterization should consider the sub cellular location and copy number of the 1591 
recombinant DNA, the environmental routes of exposure of the GM plant and the recombinant DNA, 1592 
and the stability of the DNA in the relevant environment(s). After GM plant degradation, cell free 1593 
DNA may persist in the environment for up to weeks or even years influenced by a number of biotic 1594 
and abiotic factors (Nielsen et al., 2007, Pontiroli et al., 2007).  1595 

It is recognised that the experimental acquisition of data on DNA exposure levels in complex 1596 
microbial communities is severely limited by methodological constraints under natural conditions. In 1597 
most cases, the frequency of HGT will be below the detection threshold of particular experiments. 1598 
Other limitations are related to sampling, detection, challenges in estimating exposure levels and the 1599 
inability to assign transferable genes to a defined source (EFSA, 2009g). In light of such technical 1600 
limitations, however, the applicant is requested to provide an exposure characterisation (of the hazards 1601 
characterized under step 2) considering the various routes of exposure in the receiving environment(s): 1602 

 Plant production (e.g. DNA from GM plants might be released into the environment during 1603 
cultivation and after harvest as a result of degradation of plant material and might persist in 1604 
the field and move to aquatic environment(s)); 1605 

 Food and feed chain (e.g. GM plant intended for food and feed use is often subject to a variety 1606 
of processing and storage regimes and might be stable/degrade during processing and storage 1607 
as in silage);  1608 

 Gastrointestinal system (e.g. DNA of GM plant might be consumed as food and feed and 1609 
might be in contact with micro-organisms, mainly bacteria present in the gastrointestinal tract, 1610 
and subsequent routes of environmental exposure. These exposure scenarios should include 1611 
both vertebrates and invertebrates that feed on plants or processed plants and plant ingredients 1612 
above or below ground, pollinators and human (Gay and Gillespie, 2005, Keese, 2008). 1613 

 1614 

                                                      
 
29 For instance, the contribution of antibiotic resistance marker genes to the development and dissemination of antibiotic 

resistance in pathogenic micro-organisms of clinical relevance should be evaluated (EFSA, 2009g). 
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3.2.4. Step 4: Risk characterization  1615 

It is important to focus the risk characterization on potential impacts on indigenous microbial 1616 
communities that occur in the various receiving environment(s) (as outlined above in step 3). 1617 
Environmental microbial communities may include certain human or animal pathogens (e.g. 1618 
Pseudomonas aeruginosa, some Enterobacteriaceae), or non-pathogenic bacteria, which could serve as 1619 
first recipients of genes derived from GM plants (e.g. ARMGs) and the transgenes could be then 1620 
transferred to other micro-organisms including pathogens (EFSA, 2009g). Any risk identified should 1621 
be characterised by estimating the probability of occurrence and the magnitude of the consequences of 1622 
the adverse effect(s).   1623 

 1624 

3.2.5. Step 5: Application of risk management strategies 1625 

Based on the outcome of the risk characterization, the applicant may need to determine and evaluate 1626 
targeted risk management strategies. Potential strategies may be related to the avoidance of conditions 1627 
allowing a selective pressure.  1628 

 1629 

3.2.6. Conclusions 1630 

A conclusion is required of the overall risk i.e. the potential for plant to micro-organism gene transfer 1631 
and its consequences, taking into account any risk management strategies. The potential impact 1632 
(consequences) of such an event should be evaluated also for indirect effects on biogeochemical cycles 1633 
(see chapter 3.7), in particular in the light of possible long-term maintenance of the genetic material 1634 
from GM plants in natural microbial communities.  Uncertainties may trigger the need for appropriate 1635 
monitoring (see chapter 4), which may focus on the frequency of favourable environmental conditions 1636 
for plant to micro-organism gene transfer and its consequences for human and animal health as well as 1637 
for its environmental implications. 1638 

 1639 
 1640 

3.3. Interactions of the GM plant with target organisms 1641 

Target organisms (TO) are organisms on which specifically designed characteristics of a GM plant are 1642 
intended to act30 and are generally pests or pathogens of the plant. These target organisms should be 1643 
defined by the applicant. All other organisms should be considered as non-target organisms.  1644 

 1645 

3.3.1. Step 1: Problem formulation 1646 

The focus in the problem formulation for herbivore or pathogen resistant plants is to determine the 1647 
likelihood that the TO will develop resistance and to design strategies to delay or prevent the 1648 
occurrence of resistance or to prevent undesired changes in the interaction between the TO and GM 1649 
plants. In the case of herbivore resistance, and in line with Annex II of Directive 2001/18/EC, the 1650 
development of resistance in target pests is considered an environmental as well as an agronomic 1651 
concern.  1652 

                                                      
 
30 Weeds are not considered to be TO of GM HT plants. Indirect impacts of GM HT plants on weeds are considered in 

chapter 3.5. 
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 1653 

3.3.1.1. Herbivore resistance development 1654 

Various strategies are being used to make plants resistant to herbivores. Currently, most herbivore 1655 
resistant plants express insecticidal substances (e.g. Bt proteins). The potential future design of GM 1656 
plants may use other mechanisms e.g. expression of repellent substances, anti-feedants, morphological 1657 
changes or altered volatiles to influence the host finding process.  1658 

However, a potential hazard is the development of resistance to toxic substances in herbivore pests, 1659 
which is already a well known phenomenon in plant protection (Whalon et al., 2008) and it is likely 1660 
that resistance to GM plants expressing certain pesticidal toxins can also occur (Andow, 2008). For 1661 
example laboratory studies have shown the widespread potential for development of resistance in the 1662 
European corn borer (Ostrinia nubilalis) to different Cry proteins (Bolin et al., 1999, Chaufaux et al., 1663 
2001, Huang et al., 2002, Siqueira et al., 2004, Li et al., 2005, Alves et al., 2006) and the occurrence 1664 
of resistant African stem borers (Busseola fusca) in the field (van Rensburg, 2007). Therefore the 1665 
applicant should consider in the problem formulation the potential for resistance development.  1666 

 1667 

3.3.1.2. Plant pathogen interaction 1668 

Various strategies are used to make plants resistant or tolerant to plant pathogens31 by: (i) expressing 1669 
proteins, peptides or antimicrobial compounds that are directly toxic to pathogens or influence their 1670 
growth in situ, (ii) producing products that destroy or neutralise a component of the pathogen, (iii) 1671 
expressing gene products releasing signals that can regulate plant defence, iv) expressing resistance 1672 
gene products involved in hypersensitive response and interaction with avirulence, or (v) expressing 1673 
recombinant antibodies that inactivate pathogens or pathogen proteins (Fischer et al., 2001, Punja, 1674 
2001, Tepfer, 2002, Grover and Gowthaman, 2003, Joersbo, 2007, Prins et al., 2008).  1675 

However, plant pathogens have the potential to develop resistance to a wide range of plant defence 1676 
systems (Georghiou et al., 1986) which may be identified as a potential hazard. Potential mechanisms 1677 
for evolving resistance could be based on (i) phenotypic effects such as complementation, 1678 
heterologous encapsidation and synergy or (ii) genotypic changes in the plant pathogen leading to the 1679 
development of new virulence determinants (e.g. for viruses according to Tepfer, 2002). Co-evolution 1680 
may result in adaptive functional modifications of an enzyme active site, (e.g. Bishop et al., 2000). 1681 
Hence there is an expectation that pathogens will evolve resistance to GM plant resistance traits. 1682 
Applicants should consider the mechanisms used to protect plants and their interactions with 1683 
pathogens. The resistance mechanisms that evolve in pathogens should be considered taking into 1684 
account their genetic control and heritability. Linkages to pathogen virulence and selective advantage 1685 
should also be considered in the assessment of the potential for resistance development.  1686 

Furthermore, the possibility of development of new pathogen strains with resistance to the transgenic 1687 
trait is an additional hazard in relation to plant pathogen. 1688 

 1689 

3.3.2. Step 2: Hazard characterization 1690 

It is important to identify the TO of the GM plant in the receiving environment(s) where the GM plant 1691 
is likely to be grown. The potential of these target species to develop resistance to GM plants should 1692 
be evaluated based on their history of development resistance to conventional pesticides and resistant 1693 

                                                      
 
31 Plant pathogens include viruses, fungi, bacteria and nematodes. 
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host plants. Data should be provided by the applicant to characterise the potential of resistance 1694 
development depending on the TO and the genetic modification including: 1695 

 Data on biology, life cycle, ecology and/or behaviour of the TO. Data on resistance 1696 
mechanisms that develop in TO and their genetic control, heritability and linkages to 1697 
virulence, fitness and selective advantage. In most cases, these data can be taken from 1698 
literature or from the experience of breeders and plant protection services; 1699 

 Distribution of the TO and its resistant populations in the European environments; 1700 

 Host range of the TO;  1701 

 Information on the population genetics, and epidemiology of susceptible and resistant TOs 1702 
(e.g. de la Poza et al., 2008);   1703 

 Frequency of resistant individuals or resistance alleles. Relevant data for Europe can be taken 1704 
from available scientific literature (e.g. for cry1Ab and ECB, (Bourguet et al., 2003) or could 1705 
be generated e.g. for insects by F1(Gould et al., 1997, Yue et al., 2008) or F2 (Andow and 1706 
Alstad, 1999) (Andow and Alstad, 1998) screening or by other screening methods. Data 1707 
generated outside Europe with the GM plant itself, or other plant species might be used by the 1708 
applicant, only if its relevance for the European environment(s) has been justified;  1709 

 Data related to the GM plant characteristics (e.g. expression of transgenic products) ; 1710 

 Mode of action of the active GM plant product towards the TO and GM plant characteristics 1711 
related to this trait; 1712 

 Data on baseline susceptibility of the TO to transgenic products either from the literature (e.g. 1713 
for ECB and MCB Gonzalez-Nunez et al., 2000, Gonzalez-Cabrera et al., 2006, Saeglitz et al., 1714 
2006) elaborated for Ostrinia nubilalis and Sesamia nonagroides) or from laboratory tests 1715 
according to testing protocols e.g. used by the above cited publications.  1716 

In many cases, the data might be obtained from the literature, but in some cases data sets might be 1717 
incomplete. Therefore the applicant should consider various scenarios, including a worst case 1718 
scenario, to estimate the potential of resistance development in Europe (see chapter 3.3.4).  1719 

 1720 

3.3.3. Step 3: Exposure characterization 1721 

By definition, TOs are exposed to the GM plant. Data characterising the exposure of TOs should 1722 
include  1723 

 Expression level of the transgenic products in the plant tissue; 1724 

 Determination of the intake of a transgenic product by TO (e.g. expressed insecticidal 1725 
substance per gram plant material consumed by the target organism); 1726 

 Influence of the expression level and its variability on the interaction between GM plant and 1727 
TO; 1728 

 Proportion of population of the TO exposed to the GM plant in the receiving environment(s); 1729 

 Baseline frequency of resistant individuals or resistance/virulence alleles. Relevant data for 1730 
Europe can be taken from available scientific literature (e.g. for cry1Ab and ECB, (Bourguet 1731 
et al., 2003) or could be generated e.g. for insects by F1(Gould et al., 1997, Yue et al., 2008) 1732 
or F2 {Andow, 1999 #319; Andow, 1998 #320} screening or other screening methods. Data 1733 
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from outside the EU could be considered if they can be shown to be relevant to European 1734 
conditions; 1735 

 Deployment of other GM plants expressing similar trait(s). 1736 

Because of the levels of exposure, resistance development is only relevant for applications with scope 1737 
cultivation of GM plants and not for applications restricted to import and processing of GM plant and 1738 
their products. 1739 

 1740 

3.3.4. Step 4: Risk characterization  1741 

After assessing all data, the risk should be characterized for a) evolving resistance or b) developing 1742 
undesired changes in the interaction between the target plant pathogens and plants in the receiving 1743 
environment(s).  1744 

 1745 

3.3.5. Step 5: Risk management strategies  1746 

Based on the outcome of the risk characterisation, the applicant should propose resistance 1747 
management strategies32. The applicant should evaluate the effectiveness of targeted risk management 1748 
strategies which could minimise undesired interactions between GM plants and target organisms33 in 1749 
the European receiving environment(s). Applicants should indicate the efficacy, reliability and 1750 
expected reductions in risk associated with the strategies. In addition, the risk of resistance may 1751 
change when taking into account newly available information or changes in production systems. 1752 
Therefore management measures need to be able to respond to these changes and appropriate 1753 
resistance monitoring measures are likely to be required as part of case-specific monitoring within 1754 
PMEM (see chapter 4).  1755 

 1756 

3.3.6. Conclusions 1757 

A conclusion is required of the overall risk considering i.e. resistance development of TO or undesired 1758 
changes in the interaction between the target plant pathogens and plants. The risk characterisation and 1759 
conclusions will determine the resistance management measures and requirements for the post market 1760 
environmental monitoring plan (see chapter 4). 1761 

 1762 

 1763 

                                                      
 
32 It is conceivable that risk management measures for risks associated with plant pathogens as TOs might be very limited. 
33 In the context of lepidopteran pests and Bt maize, the high dose refuge strategy is a good example for the introduction of a 

successful risk management. The consequent use of refuge areas prolonged the expected development of resistance for 
most lepidopteran pest species so far (Tabashnik et al., 2008). However, the possible resistance management strategies are 
dependent on the biology of the target organism, the genetic transformation and interactions between the target organism 
and the GM plant and the receiving environment. In cases where high dose refuge strategy failed other management option 
are possible (see Bt cotton example: (Tabashnik et al., 2008). This might be the additional use of insecticides or the use of 
'pyramided' GM plants producing more than one Bt protein.  
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3.4. Interactions of the GM plant with non-target organisms  1764 

According to Annex II of Directive 2001/18/EC, ERA should consider the possible immediate and/or 1765 
delayed environmental impact resulting from direct and indirect interactions of GM plants with non-1766 
target organisms. The ERA in this EFSA guidance document should address the potential 1767 
environmental impact on population levels of competitors, herbivores, symbionts (where applicable), 1768 
parasites, and pathogens.  1769 

The scientific opinion of the EFSA GMO Panel on the assessment of potential impacts of genetically 1770 
modified plants on non-target organisms (EFSA, 2009a) provides guidance to risk assessors for 1771 
assessing potential effects of GM plants on NTOs, together with rationale for data requirements in 1772 
order to complete a comprehensive ERA for NTOs. Guidance to applicants as outlined in that opinion 1773 
has been inserted in the present guidance document.   1774 

 1775 

3.4.1. Step 1: Problem formulation 1776 

3.4.1.1. Environmental concerns and hazard identification  1777 

One environmental concern is that GM plants may have an adverse effect on biodiversity, through 1778 
interactions with populations of other species associated with or sympatric with the GM plant, and 1779 
referred to as non-target organisms (NTOs)34. In this chapter biodiversity is defined broadly and 1780 
covers both NTO species richness and ecological functions in various ecosystems especially 1781 
considering guilds that provide ecosystem services35. Since the environment (including biodiversity) is 1782 
to be protected from harm according to protection goals set out by EU legislation, the protection of 1783 
species richness and ecological functions should be considered in the ERA.  1784 

Specifically when considering NTOs, the receiving environment consists of: the managed terrestrial 1785 
ecosystem (e.g. agro-ecosystem) including the GM cultivated fields, orchards and plantations and their 1786 
margins and the wider environment (e.g. other adjacent GM or non-GM cultivations and non-1787 
cultivated habitats) and, where relevant, aquatic ecosystems.  1788 

In a human managed context, sustainable land use (e.g. for agriculture and forestry) is considered a 1789 
relevant environmental protection goal. For the benefit of sustainable production, the scope is to 1790 
maintain a certain level of biodiversity, providing essential ecological services, including biological 1791 
control of pests and diseases, nutrient fixing and cycling, decomposition of plant materials, 1792 
maintenance of soil quality and fertility, and structural stability. Therefore the criterion of functional 1793 
biodiversity is deemed important in this context, since preserving the functional biodiversity may 1794 
guarantee the quality of production systems (e.g. agro-ecosystems) and ensure their sustainability. 1795 
Applicants should consider whether a GM plant is directly and/or indirectly potentially harmful to 1796 
species guilds involved in ecosystem functions. 1797 

 1798 

                                                      
 
34 Potential NTOs are defined as all those species directly and/or indirectly exposed to the GM plant, and which are not 

targets of the newly expressed metabolite(s) in these plants. 
35 Ecosystem services are distinct from ecosystem functions by virtue of the fact that humans, rather than other species, 

benefit directly from these natural assets and processes. 
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3.4.1.2. Definition of assessment endpoints considering exposure pathways to NTOs 1799 

Because protection goals are general concepts, they need to be translated into measurable assessment 1800 
endpoints which are operational. This necessitates defining (1) species and (2) ecosystem functions 1801 
that could be adversely affected by the GM plant, and that require protection from harm.  1802 
In any ecosystem, there is usually a high number of potential NTO species that may be exposed to GM 1803 
plants. Considering that not each of these species can be tested, a representative subset of NTO species 1804 
(referred to as ‘focal species’) shall be selected, on a case-by-case basis, for consideration in the risk 1805 
assessment of each GM plant. To lead the applicant to a decision on which focal NTO species are to 1806 
be used as assessment endpoints, species selection shall be performed according to the following four 1807 
steps outlined also in Figure 5:  1808 

1 - Identification of functional groups being directly or indirectly exposed to the GM plant: 1809 

As a first step in species selection, it is necessary to identify the ecosystem functions and services 1810 
(including maintenance of herbivores as part of food web, pollination, regulation of arthropod pest 1811 
populations by natural enemies and decomposition of plant material) provided by the production 1812 
system (e.g. agro-ecosystem) and the functional groups of species involved, in the environment(s) 1813 
where the GM plant is likely to be grown. 1814 

2 - Categorization of NTO species from identified functional groups: 1815 

In the second step the main guilds of species linked to the ecological function groups identified in the 1816 
previous step should be listed, considering the GM plant in its receiving environment(s). An indicative 1817 
list detailing the ecological role for common invertebrates in agro-ecosystems is provided in Table 4. 1818 
Some taxonomically related species and/or life stages of the same species may have different 1819 
ecological roles (e.g. different feeding habits) and this aspect should be considered. 1820 

3 - Ranking species based on the ecological criteria: 1821 

From the list built in step 2 of species selection, applicants shall prioritize NTO species from each 1822 
relevant functional group. Main criteria to be considered in this prioritization process are:  1823 

 Species exposure to the GM plant under field conditions, specifically considering life stages 1824 
exposed during the period of exposure;   1825 

 Relevance to ecosystem functioning.  1826 

Additional ecological criteria that are relevant to the prioritization process of species are:  1827 

 Linkage to the production system (e.g. agro-ecosystem), and presence of alternative food 1828 
source; 1829 

 Species abundance; 1830 

 Species vulnerability (i.e. are certain populations already threatened and thus more vulnerable 1831 
to additional pressures?);  1832 

 Known susceptibility of the species to the product(s) expressed in the GM plant. 1833 

Table 4:  Examples of functional groups (exposure through trophic interactions) 1834 

Functional group Examples of taxonomic groups 

Herbivores 

sucking: aphids (Hemiptera: Aphididae), spider mites (Acarina), 
leafhoppers (e.g. Hemiptera: Cicadellidae), thrips (Thysanoptera: 
Thripidae), certain Heteroptera and Nematoda 
chewing: leaf beetles (Coleoptera: Chrysomelidae), Lepidoptera larvae, 
Diptera larvae, grasshoppers (Orthoptera Ensifera), gastropods (Mollusca 
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Gastropoda) 

Predators 

beetles: Coleoptera (e.g. Coccinellidae, Carabidae, Staphilinidae) 
predatory bugs: Heteroptera (e.g. Nabidae, Anthocoridae) 
predatory flies: Diptera (e.g. Syrphidae) 
lacewings: Neuroptera (e.g. Chrysopidae, Hemerobidae) 
thrips: Thysanoptera (e.g. Aeolothrips)  
spiders & harvestmen: Araneae and Opiliones 
mites: Acarina (e.g. Phytoseiidae) 
nematodes (e.g. Heterorhabditidae, Steinernematidae) 

Parasitoids Hymenoptera (e.g. Ichneumonidae, Braconidae, Aphelinidae) 
Pollinators solitary and social bees, bumble bees (Hymenoptera: Apidae), hover flies 

(Diptera: Syrphidae)  
Decomposers Diptera larvae (e.g. Phoridae), Nematoda, springtails (Collembola), mites 

(Acarina), earthworms (Haplotaxida: Lumbricidae), Isopoda 
Plant symbionts rhizobacteria, mycorrhiza  

 1835 

In the categorisation of relevant NTO species, additional species of economic or aesthetic or cultural 1836 
value, or species of conservational importance considered as threatened or endangered may also need 1837 
to be included.  1838 

4 - Final selection of focal species: 1839 

Based on the considerations addressed in the previous steps of species selection, a restricted number of 1840 
focal species needs to be selected from each functional group. At this stage, some practical criteria 1841 
may be considered in the final selection of focal species. It may be that, among the prioritized species, 1842 
some can be tested more effectively under laboratory conditions, or are more likely to be available in 1843 
sufficient numbers in the field to give statistically meaningful results (Gathmann et al., 2006a, 1844 
Gathmann et al., 2006b, Todd et al., 2008). Legal constraints may limit testing of certain NTO species 1845 
(e.g. protected species), so this aspect may also influence the final choice of focal species.  1846 

For field trials, estimation of ecosystem functions and services could complement or replace data on 1847 
focal species. Ecological functions (such as pollination, biological control, soil functions36) depend on 1848 
the number of species, their abundances and different types of assemblages. In a particular 1849 
assemblage, the abundance of any species naturally fluctuates and the decline of a certain population 1850 
might be compensated by another species within the same guild without adversely affecting 1851 
functionality (Naranjo, 2005b,a). Therefore, the overall predation rate of a guild of predatory species 1852 
can be selected as an assessment endpoint in field trials. An indirect measure of pollination activity 1853 
(e.g. by comparatively measuring seed set in pollinated GM and control plants) might provide a 1854 
general indication of foraging activity of pollinators. Measurements of ecosystem processes such as 1855 
soil respiration, biomass decomposition or nutrient dynamics could be used to demonstrate 1856 
functionality. 1857 

A theoretical framework for focal species selection is presented in Figure 5. 1858 

                                                      
 
36 E.g. soil respiration, biomass decomposition, and nutrient dynamics. 
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 1859 

Figure 5:  Four steps for selecting focal NTO species to be practically tested. 1860 

 1861 

The diet regime for each non target organism (in the most relevant developmental stage) should reflect 1862 
the different sources of exposure and is paramount in considering potential effects. The overlap of the 1863 
life cycle and developmental stages of the focal species and the phenology of the GM plants needs to 1864 
be evaluated. Exposure may also happen after the transgene has moved via dispersal of pollen and 1865 
grain/seed in and away from the cultivation site of the GM plant (e.g. pollen deposited on leaves of 1866 
host plants for non-target Lepidoptera and Coleoptera). In addition gene flow via outcrossing may 1867 
result in gene expression in related species and result in different levels of exposure to other NTO 1868 
species. 1869 

The level of exposure of NTOs to the GM plant will depend on the intended uses of a GM plant:  1870 

- In cases where the application does not include cultivation in the EU, direct environmental 1871 
exposure of NTOs to the GM plant is via the accidental release into the environment of seeds 1872 
or propagules of the GM plant during transportation and processing. This may result in 1873 
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sporadic occurrence of feral GM plants and so exposure of NTO populations is likely to be 1874 
negligible. The ERA will then focus on indirect exposure to products of the GM plant (e.g. 1875 
through manure and faeces from the gastrointestinal tracts of animals fed the GM plant; and 1876 
other by-products of industrial processes).  1877 

- In cases where the application includes cultivation in the EU, the level of environmental 1878 
exposure is estimated on a case-by-case basis depending upon the biological and ecological 1879 
characteristics of the GM plant and its transgene(s), the expected scale and frequency of GM 1880 
plant use, the receiving environment(s) where the GM plant is likely to be cultivated, and 1881 
upon the regional interactions among these elements. 1882 

If gene flow to cross-compatible wild/weedy relatives and feral plants inside or outside the areas of 1883 
cultivation is likely to occur then exposure of NTOs over life cycles and seasons should be assessed, 1884 
to these GM plants and their products. 1885 

 1886 

3.4.1.3. Testable hypotheses for hazard identification & Tiered approach 1887 

A case study approach describing how the GM plant may adversely affect NTOs or their ecological 1888 
functions is proposed as outlined in Table 5. Based on plant-trait-NTO interactions, five possible cases 1889 
can be foreseen. On one hand, GM plants may express new proteins/metabolites that have (Ia) toxic 1890 
properties; (Ib) non-toxic properties; or (Ic) unknown toxicity. On the other hand, GM plants may 1891 
have an altered composition, in which metabolic pathways affecting NTO-plant relationships (e.g. 1892 
glucosinolates in Brassicaceae, alkaloids in Solanaceae, lignin in trees) are (IIa) known to be altered, 1893 
or (IIb) not altered. 1894 

For the five identified cases, the following two types of hypotheses can be formulated:  1895 

 Specific hypotheses to assess plausible anticipated effects (e.g. a GM plant intentionally 1896 
altered to produce biologically active compounds); 1897 

 Generic hypotheses to assess unintended or unanticipated effects (e.g. possible impacts of a 1898 
GM plant on ecosystem services). 1899 

Table 5:  Identified cases and testable hypotheses 1900 

GM plants expressing new proteins/metabolites GM plants with intentionally altered 
composition 

Specific toxic 
properties  

Non-toxic 
properties 

Unknown toxicity  Metabolic pathways 
affecting NTO-
plant relationships 
are altered  

Metabolic pathways 
affecting NTO-
plant relationships 
are not altered  

Ia Ib Ic IIa IIb 
Specific and 
generic hypotheses  

Generic hypotheses  Specific and 
generic hypotheses  

Specific and 
generic hypotheses  

Generic hypotheses  

Intended and 
unintended effects 

Unintended effects  Intended and 
unintended effects  

Intended and 
unintended effects  

Unintended effects  

 1901 

To test these two types of hypotheses and thus assess possible adverse effects on NTOs, relevant data 1902 
need to be supplied and considered by the applicant.  1903 

 1904 
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3.4.1.4. Specific hypothesis-driven investigation 1905 

For the case studies Ia, Ic, and IIa specific hypotheses can be formulated and assessed (e.g. the new 1906 
metabolite can be toxic to some non-target species, or the change in the metabolic pathway will 1907 
possibly influence the plant’s interactions with other organisms on various trophic levels) according to 1908 
Figure 6. 1909 

Based on specific hypotheses, NTO risk assessment can be performed in a tiered manner using an 1910 
ecotoxicological testing approach. Thereby, hazards are evaluated within different tiers that progress 1911 
from worst-case scenario conditions framed in highly controlled laboratory environments to more 1912 
realistic conditions in the field. Three main tiers are suggested to be used, which comprise 1913 
experimental tests under controlled conditions (e.g. laboratory tests under tier 1a and 1b37 and semi-1914 
field38 tests under tier 2), and field tests (tier 3). Within a tier, all relevant data shall be gathered to 1915 
assess whether there is sufficient information to conclude on the risk at that tier. In case no reliable 1916 
risk conclusions can be drawn, further data might be needed. Decision of moving between tiers needs 1917 
to be driven by trigger values. These values should be set for the species under consideration taking 1918 
into account the intrinsic toxicity (e.g. estimated by effective concentration (ECx) of the newly 1919 
expressed products and the expected concentration in the plant, and the sensitivity of the NTO 1920 
developmental stages (examples of trigger values for NTOs are provided in EPPO guidelines).  1921 

Tier 1 testing is of crucial importance for the ERA if no or little data on similar GM traits are 1922 
available. Moreover, based on the experience with Cry toxins, tier 1 tests generally seem to represent 1923 
useful predictors for results at higher tier tests (Duan et al., 2009) provided that designs include all 1924 
ecologically relevant ways of exposure. When laboratory studies are performed, both in vitro and in 1925 
planta tests (tiers 1a and 1b) are necessary. Both tier 1a and 1b tests are relevant to reach a reliable 1926 
risk conclusion after tier 1. Tier 1a tests require purified metabolites as expressed in the GM plant. 1927 
Where purified metabolites are not available, only tier 1b studies39 shall be conducted using GM plant 1928 
material that guarantees exposure to both transgene products and the plant. In justified cases where 1929 
testing on a lower tier is not appropriate (e.g. test organisms cannot be reared in the laboratory), 1930 
applicants can perform tests at the next tier.  1931 

                                                      
 
37  Tier 1a refers to in vitro tests carried out with purified metabolites, whereas Tier 1b refers to in-planta testing. 
38 Semi-field tests: outdoors tests carried out with some containment that controls for variability, with manipulation 

treatments on relatively small experimental units (e.g. caged plants, screen houses). 
39 The applicant should explain cases in which higher tier tests on functional ecological groups are used as substitute of tier 

1b). 
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 1932 

Figure 6. Decision tree for carrying out a specific-hypothesis driven investigation. Applicants 1933 
should provide answers to all questions within any of the boxes to which they navigate. The questions 1934 
are divided into four stages (Tiers 0→1→2→3). Only if all the questions of a stage are answered 1935 
negatively (answer: NO), no additional data are required. If at least one question of a stage is answered 1936 
positively (answer: YES), applicants should move to the next stage and address all the questions of 1937 
that stage. 1938 

 1939 

1940 
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Some impacts on multi-trophic interactions and ecosystem functions may not be observed in tier 1 1941 
tests. Higher tier testing may therefore be needed on a case-by-case basis before decisions on the level 1942 
of risks can be made.  1943 

The NTO testing phase can be finalized when sufficient information is compiled to reject the tested 1944 
hypotheses. Applicants who conclude that further tests are not required based on available information 1945 
are required to explain the rationale for this conclusion. If at any tier adverse effects are detected, a 1946 
hazard characterization is required to determine the biological relevance of these effects. In some cases 1947 
it might necessary to go back to the problem formulation phase, to redefine a hypothesis and to design 1948 
additional experiments to generate the data needed. 1949 

 1950 

3.4.1.5. Generic hypothesis-driven investigation of unintended or unanticipated effects 1951 

GM plants may have unintended adverse effects on biodiversity through interactions with populations 1952 
of other species associated with or sympatric with the GM plant. It is important that species richness 1953 
and ecological functions, especially considering guilds that provide ecosystem services, are not 1954 
disrupted to the extent that populations decline and/or vital functions are impaired. Unintended 1955 
impacts of GM plants on species richness and ecological functions should be considered in the ERA.  1956 

For all cases listed in Table 5, unintended effects of any genetic modification of the plant on NTOs 1957 
should be considered in relation to NTOs exposed to the GM plant or its products. In particular for 1958 
case Ib and IIb, the formulation of a specific hypothesis, is by definition, challenging and no specific 1959 
hypothesis-driven investigation can be carried out, thus therefore an eco-toxicological testing 1960 
approach cannot be followed. However, data generated for functional groups and focal species for the 1961 
ecotoxicological case studies Ia, Ic, and IIa can be used to complement the assessment of unintended 1962 
effects as outlined below. 1963 

Assessing whether a certain ecological function is impaired when GM plants are used requires a 1964 
generic hypothesis-driven investigation. The general null hypothesis to be tested is that the GM plant 1965 
has no different effects on measurement endpoints for exposed NTO guilds and their functionality in 1966 
receiving environments when compared to appropriate conventional counterpart(s).  1967 

The evidence to confirm this hypothesis can come from numerous sources including data already 1968 
collected for other parts of the risk assessment. Applicants can choose to test a generic hypothesis by 1969 
collating appropriate information from these data sources to provide a weight of evidence approach.  1970 

 1971 

The sources of data, which should be properly justified, may include: 1972 

1. Field-generated data related to NTO guilds and their functionality 1973 

Field-generated data related to NTO guilds and their functionality are a fundamental source of 1974 
information in the majority of cases. Several aspects will need to be taken into consideration when 1975 
planning these types of data collection e.g. in order to obtain a reasonably low within-plot 1976 
variation, such as feeding behaviour of non-target species, species mobility, and a sufficient 1977 
number of plants. 1978 

The use of field-generated data from outside the EU may be informative in this context, but the 1979 
applicant must justify why these data are relevant to the ecological functionality of receiving 1980 
environments in the EU where the GM plant will be grown.  1981 

Since unintended effects are to a large extent event specific, data from other events or from similar 1982 
events in other plant species will carry little weight in supporting an application. 1983 
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• Field trials as outlined in chapter 2.3.3 can be designed for the functional groups and 1984 
focal species identified according to the criteria outlined in species selection. 1985 
Moreover, useful information may be derived from estimates of the overall function as 1986 
a measurement endpoint (e.g. overall predation and/or parasitism rate on a certain 1987 
species, decomposition rate of plant residues). The main advantage of conducting field 1988 
trials is that genotype x environment interactions are included. Plant performance and 1989 
data on environmental measurement endpoints (e.g. agronomic characteristics, 1990 
including herbivore interaction with the plant, response to that specific environmental 1991 
exposure) may provide indications for unchanged ecological functions and ecosystem 1992 
services. Under the weight of evidence approach, data from field trials may be used to 1993 
provide confirmatory data when other information is available. While the requirement 1994 
for statistical power for these field trials should remain as outlined in chapter 2.3.3, 1995 
the requirements for representativeness may be relaxed. Hence, as long as there is 1996 
explicit justification, under these circumstances, there is no requirement for a 1997 
minimum number of sites and/or years.  1998 

• Field surveys in which data are collected related to NTO guilds and their 1999 
functionality in the receiving environment(s). These may provide appropriate data 2000 
from trials that do not involve hypothesis tests, but are scientifically designed. 2001 

• Semi-field trials including manipulative test systems can be designed to control the 2002 
variability of the experimental system. Specifically designed trials (such as the use of 2003 
cages in the field) can lead to an increase in the sensitivity of the trial, so that lower 2004 
levels of difference (compared to field trials) can be detected in these semi-field trials. 2005 
For example, studies on possible indirect effects on pollinators can be successfully 2006 
done with bees in screen house trials. Well-designed experiments on residue 2007 
decomposition in mesocosms are another example, although litterbag experiments 2008 
within field trials are preferred.  2009 

• Agronomic field trials, designed to provide data for compositional analysis, may 2010 
enable the detection of potential phenotypic differences between GM plants and their 2011 
conventional counterparts, and in some cases differences in pest and disease 2012 
occurrence. Applicants should demonstrate that the data from the agronomic field 2013 
trials are adequate to support conclusions about pest and disease associations, and 2014 
about NTO guilds and their functionality. 2015 

2. Compositional analysis is an important component of the comparative food/feed safety 2016 
assessment that enables the identification of potential unintended effects on food/feed safety. 2017 
Molecular characterisation provides information on both the insert and any alterations to the 2018 
genetic profile of the recipient plant. Data from the molecular characterisation and 2019 
compositional analysis can indicate whether there are general differences between the GM 2020 
plant and its conventional counterpart. However, these data only provide limited information 2021 
on potential alterations in GM plant-NTO interactions. An extended compositional analysis 2022 
focuses on plant parts (e.g. pollen, nectar, leaves, stem, roots) that are consumed by NTOs, 2023 
and which are not always considered under the food/feed safety assessment. Such an extended 2024 
analysis can help to identify the likelihood of occurrence of unintended effects of GM plants 2025 
on NTO guilds and their functionality. An extended compositional analysis should in 2026 
particular consider key components influencing the nutritional value for NTOs and secondary 2027 
plant compounds relevant to plant defence mechanisms. As an example, glucosinolates and 2028 
glycoalkaloids are important in regulating arthropod species assemblages on oilseed rape and 2029 
potatoes and therefore a compositional analysis on leaves, stem and tubers may provide an 2030 
indication of possible unintended effects on non-target herbivores. These crops are routinely 2031 
analysed and standardized protocols are available for testing the plants. It is considered 2032 
important that identified compositional differences in the GM plant are discussed in an 2033 
environmental context, specifically considering (a)biotic stresses affecting plant responses. 2034 
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However, if the extended compositional analysis indicates substantial differences and/or non-2035 
equivalence, further studies that are based on specifically formulated hypotheses are required 2036 
to determine the biological relevance of these effects. 2037 

3. Ecotoxicological tests. Data obtained from ecotoxicological tests can help to identify the 2038 
likelihood of occurrence of unintended effects of GM plants on the tested NTO species and 2039 
their functionality. 2040 

 2041 

3.4.2. Step 2: Hazard characterization  2042 

Once specific measurement endpoints are chosen, appropriate methods and criteria of measurement 2043 
should be selected and described. This includes information on studies to be conducted, the 2044 
appropriate tier for analysis, the design of protocols and statistical power (Marvier, 2002, Lövei and 2045 
Arpaia, 2005, Perry et al., 2009) (see chapter 2.3.3) 2046 

 2047 

3.4.2.1. Laboratory studies 2048 

Two kinds of methodologies are relevant for laboratory studies. First, existing conventional eco-2049 
toxicology methodologies (e.g. OECD, ISO, EPPO, IOBC standardized methods) can be used and 2050 
adapted in order to assess the sensitivity of the NTO to different levels of exposure to the GM plant-2051 
produced proteins. The methodologies must be adapted to fulfil the measurement endpoint 2052 
requirements. Secondly, an in planta experimental protocol is required in which the GM plant-NTO 2053 
interactions are evaluated at exposure levels likely to occur in the field. For in planta studies, the 2054 
testing scheme should ensure that the food used is ecologically relevant for the chosen NTO life stage 2055 
to be tested (e.g. mimicking the trophic interactions existing in nature), and that specimens are 2056 
exposed to the expected concentration throughout the study duration. 2057 

In addition to the above examples, several first tier studies that have been published in scientific 2058 
literature can be considered by applicants. 2059 

All laboratory tests should satisfy the following requirements: 2060 

- The endpoint and species are unequivocally identified;  2061 

- The rationale for the selection of the species and endpoint is given;  2062 

- Variability is sufficiently low for precise effect level estimation; 2063 

- Exposure to known quantities of  testing material is maintained throughout the study; 2064 

- The experiment is conducted for a time span adequate to reliably estimate measurement 2065 
endpoints. 2066 

When reproduction is an endpoint, the following requirements should also be fulfilled: 2067 

- The processes of the reproductive biology must be included in the testing phase; 2068 

- The life-history must be known: age at maturation, duration of egg development, and instars 2069 
subjected to exposure; 2070 

- Optimization of conditions for growth and reproduction must be provided by the test substrate 2071 
and food supply. 2072 
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Applicants can develop their own protocols for particular NTO species that are considered in the ERA. 2073 
In this case, it is requested that, among others, the following aspects of the experimental protocols are 2074 
correctly addressed: 2075 

- Organisms used during tests should be healthy and of similar age; 2076 

- The biological performance of organisms used as controls should be within acceptable limits 2077 
(control mortality less than e.g. 20% depending on the testing system and organism); 2078 

- Environmental conditions in growth chambers, mesocosms and greenhouses should be 2079 
described explicitly and justified;   2080 

- Plant material should be checked for transgene expression; 2081 

- Direct and indirect exposure pathways should be clearly identified in the experimental setup. 2082 

When designing experiments with natural enemies, the following additional requirements should be 2083 
considered: 2084 

- The suitability of artificial diet or surrogate host/prey species vs. natural food (e.g. some 2085 
species do not grow well or do not reproduce when reared on artificial diet); 2086 

- Host/prey herbivores have to be properly exposed (possibly from hatching) to the right 2087 
treatments; 2088 

- A uniform supply of prey/host quality, age, etc; 2089 

- The availability of additional food sources for species with mixed feeding habits (e.g. 2090 
availability of pollen, honey or sugar solution, possibility for sucking from plants, etc.); 2091 

- The availability of an appropriate oviposition surface for predators; 2092 

- The provision of particular microhabitats (e.g. providing additional sources of water-saturated 2093 
surfaces). 2094 

For tier 1a it is assumed that the test substance can be dosed and conventional testing approaches of 2095 
chemicals can be followed. The sensitivity of the endpoint must be presented as EC10 and EC50 with 2096 
confidence intervals. Laboratory practices (e.g. environmental conditions, specimen handling) should 2097 
be according to standardized and published testing procedures. Limitations of some laboratory 2098 
protocols should be considered (Lövei and Arpaia, 2005) when designing tests and concluding test 2099 
results. When novel or non-standardised testing procedures are used, it should be demonstrated that 2100 
the method is appropriate, reproducible, reliable and of correct sensitivity.  2101 

The in planta testing required for tier 1b needs particular considerations concerning modifications of 2102 
the standard procedures to accommodate for plant material. NTOs in tier 1b tests could be exposed to 2103 
plant material through whole plants, plant parts (e.g. leaves, pollen) or ground plant material in diets or 2104 
soil. 2105 

For in planta tests where feeding is an important route of exposure, it will not normally be possible to 2106 
produce doses of the GM product that exceed the concentrations in plant tissues. Thus the normal level 2107 
will act as the maximal exposure concentration in a test. Doses lower than the maximal dose can be 2108 
made by dilution with a near-isogenic non-GM variety and EC10 and EC50 effect levels may be 2109 
obtained. Different levels of exposure can also be achieved by mixing levels of GM plant material into 2110 
the test substrates, e.g. soil, and a true dose-response relationship can be established delivering EC10 2111 
and EC50 effect levels. Appropriate controls for the effects of these diet regimes can be made by 2112 
making similar mixtures with near isogenic non-GM materials.  2113 
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In order to provide an optimal nutrition in soil ecotoxicological tests, a food source may be added. The 2114 
amount of additional food source may need to be adjusted in order to ensure worst-case exposure.  2115 

When the aim is to demonstrate equivalence of the GM plant to the isogenic/near-isogenic comparator, 2116 
the standard tests should include the near-isogenic line as a negative control at an exposure level 2117 
identical to the GM plant, as well as a positive chemical control to prove the functionality of the 2118 
experimental setup, as advised in the pesticide test guideline. 2119 

 2120 

3.4.2.2. Field trials 2121 

Experimental complexity and variability increases from Tier 1 (e.g. toxicological studies), to bi- and 2122 
tritrophic studies with plant parts, bi- and tritrophic studies with whole plants, to field assemblage 2123 
studies. Laboratory testing provides the best way to control and manipulate experimental conditions 2124 
(environmental factors, set-up) and to limit complexity and variability. In contrast, field tests allow the 2125 
evaluation of trait x environment interactions, but they exhibit the highest experimental complexity 2126 
and provide the lowest ability to control experimental conditions due to large natural variability.  2127 

The objectives of field trials are: 2128 

- To identify and study exposure routes (including trophic relationships) and confirm observed 2129 
effects in lower tier experiments; 2130 

- To discover potential unintended effects not anticipated in lower tear tests; 2131 

- To provide feedback for further testing hypotheses; 2132 

- To study food chain and indirect effects; 2133 

- To determine effects of scale on NTO populations, including effects on generations and other 2134 
spatio/temporal interactions; 2135 

- To study effects of interactions between several NTOs species in natural environment(s). 2136 

Field testing for NTOs is of special importance for certain species that can not be tested in laboratory 2137 
(e.g. rearing methods and experiences are not available). Field testing provides a very broad range of 2138 
arthropods in terms of species number, life stages, exposure to abiotic and biotic stress, complexity of 2139 
trophic interactions, etc. that can not be reproduced in the laboratory. Hence, attention should be paid 2140 
to the trade-off between standardised laboratory tests in lower tiers and the testing of NTO species in 2141 
field experiments. Moreover, field studies offer the opportunity to estimate the functioning of whole 2142 
ecological functions in natural conditions (e.g. Naranjo, 2005b,a).  2143 

Design and analysis of field trials for NTOs should be performed according to the criteria explained in 2144 
chapter 2.3.3. 2145 

 2146 

3.4.3. Step 3: Exposure characterization 2147 

A major factor in evaluating the likelihood or probability of adverse effects occurring to the NTO is 2148 
the characteristics of the environment into which the GM plant is intended to be released, and the 2149 
manner of release. Several ecological characteristics specific to the crop-trait-receiving environment 2150 
interactions need to be taken into account to characterize NTO exposure.  2151 
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The introduction of a GM plant into a productive system will indeed introduce two new stressors, the 2152 
transgene and its products and the genetically modified organism itself. In addition to this, new 2153 
management practices may be associated with the cultivation of the GM plant. If hazards are identified 2154 
(step 1) and hazard characterization gives sufficient evidence for potential environmental damage (step 2155 
2) an exposure characterization is conducted (in step 3) to determine whether and to what degree the 2156 
NTO species comes into contact with the GM plant and the transgene product. This assessment 2157 
requires information on the phenotypic pattern of transgene expression in the various parts of the plant 2158 
over the growing season. This exposure can be bitrophic via exposure to the GM plant (or plant parts, 2159 
e.g. pollen) or can occur in higher trophic level organisms exposed to prey or host feeding on GM 2160 
plant (see Figure 2 in Andow et al., 2006). Organisms at higher trophic levels can be exposed in 2161 
different ways to the plant and/or its products, therefore direct, indirect or mixed exposure models 2162 
needs to be evaluated according to the NTO and the GM plant characteristics. For example, a 2163 
carnivore in an agro-ecosystem including GM plants will be faced with the presence in its diet of the 2164 
transgene product and/or its metabolites, combined with the constitutive compounds of the prey/host 2165 
species and the combination of both might interfere with the normal development of the natural 2166 
enemy.  2167 

Based on the specific biological characteristics, the likelihood of exposure needs to be estimated. For 2168 
this purpose, the highest mean protein expression level in any plant tissue is often taken as the worst-2169 
case environmental exposure concentration (EEC) in regulatory risk assessments (e.g.Raybould, 2170 
2007). 2171 

 2172 

3.4.4. Step 4: Risk characterization  2173 

Based on the conclusions reached in steps 3.4.2 and 3.4.3, applicants should estimate each identified 2174 
risk of adverse effects that a GM plant will cause to NTOs considering the magnitude of the effects 2175 
detected and the likelihood of their occurrence. Applicants should summarize the outcomes of the 2176 
ERA carried out according to specific and generic hypothesis-driven investigations as outlined in step 2177 
3.4.1. Hence applicants should conclude on risk for intended and unintended effects on NTOs taking 2178 
into account focal species as well as the overall functionality of the agro-ecosystem. Applicants should 2179 
provide an assessment of the range of effects likely to occur in different receiving environments based 2180 
on the collected data and other relevant information. (see chapter 2.3.2).  2181 

Considering receiving environment-plant-trait combinations, applicants are also required to 2182 
characterize the risk (1) in the production site of the GM plant and (2) outside the production site 2183 
where different habitats (e.g. adjacent crops and other non-crop habitats) where relevant exposure to 2184 
susceptible NTO may occur. Quantification of risks and its relative uncertainties shall be provided in 2185 
relation to each selected assessment endpoint. The conclusions of risk characterization should assess 2186 
the consequences of each identified risk to NTOs and applicants should propose appropriate risk 2187 
management measures where levels of risk exceed threshold levels (see step 3.4.5). 2188 

 2189 

3.4.5. Step 5: Risk management strategies 2190 

In situations where risk due to the GM plant and/or its product(s) on NTOs and related ecosystem 2191 
services has been identified and characterized, the applicant should propose appropriate risk 2192 
management strategies. These strategies should be designed to reduce the risk to a level considered 2193 
acceptable (criteria defining this acceptability should be explicitly discussed). The implementation of 2194 
measures should fit to common principles e.g. the principles of good agricultural practice and 2195 
Integrated Pest Management that are being introduced by Member States under the Framework 2196 
Directive on the sustainable use of pesticides in the EU. 2197 
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These mitigation measures may include measures to reduce exposure in order to reduce risk to NTOs 2198 
and ecosystem services. Examples might be the planting of non-Bt plants as border rows (EFSA, 2199 
2009c) or detasseling of GM maize plants in border rows in order to limit Bt maize pollen dispersal 2200 
outside of the maize field. Also, the establishment and maintenance of habitats (ecological 2201 
compensation areas) that provide refugia, feeding source, etc. for NTO populations over larger area 2202 
and time might also be considered (Boller et al., 2004).  2203 

Applicants should also consider other cultivation and farming practices that fit to principles of 2204 
Integrated Pest Management and/or Integrated Farming in relation to the GM plant. These practices 2205 
cover rotation of crops and crop varieties, use of pesticides with different modes of action in order to 2206 
maintain and support natural regulating mechanisms, including beneficial NTOs. 2207 

These mitigation measures and strategies should be devised in the light of a long-term management 2208 
and maintenance of NTOs and ecosystem services in rural landscapes. 2209 

 2210 

3.4.6. Conclusions 2211 

Applicants should conclude on the risk of intended and unintended effects on NTOs taking into 2212 
account focal species considering all relevant ecosystem services. Applicants should provide an 2213 
assessment of the range of effects likely to occur in relevant EU receiving environments based on the 2214 
collected data and other relevant information. Applicants are also required to characterize the risk (1) 2215 
in the production site of the GM plant and (2) outside the production site in different habitats 2216 
considering relevant exposure routes. Quantification of risks and its relative uncertainties shall be 2217 
provided in relation to each selected assessment endpoint in comparison to relevant baselines. The 2218 
consequences of these risks for all relevant protection goals, including the overall functionality of the 2219 
ecosystems, integrated pest management and the sustainability of production systems, should be 2220 
considered. 2221 

The conclusions of risk characterization should assess the consequences of each identified risk to 2222 
NTOs and applicants should propose appropriate risk management measures where levels of risk 2223 
exceed acceptable threshold levels. 2224 
 2225 
 2226 
 2227 

3.5. Impacts of the specific cultivation, management and harvesting techniques  2228 

The cultivation of the GM plant in non-EU countries where imports come from could change 2229 
cultivation practices and environmental impacts in those countries. Although information on the 2230 
impact of cultivation in those countries is out of the scope of the present ERA, it may provide 2231 
information on the impact of unintended release into the European environment(s). As already 2232 
outlined in chapter 2.2.1, even if the environmental exposure of GM plant import and processing 2233 
applications are likely to be very low, the applicant is requested to consider any relevant information 2234 
where appropriate for the ERA.  2235 

Specific cultivation and management techniques of GM plants introduced into European receiving 2236 
environment(s) might have direct and indirect impacts that should be assessed (see below). For GM 2237 
plants for import and processing that are not approved for cultivation in the EU, there is no need for an 2238 
ERA for altered cultivation, management and harvesting techniques40. 2239 

 2240 
                                                      
 
40 The assessment of the consequences of accidental loss and spillage of a GM plant is covered under chapter 3.1. 
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3.5.1. Step 1: Problem formulation  2241 

A GM plant for cultivation will be introduced into various receiving environment(s) (see chapter 2242 
2.3.2) and will be managed according to the requirements of the plant and the production systems into 2243 
which it is introduced. There is a requirement in Directive 2001/18/EC to assess the environmental 2244 
impact of the specific management and production systems (e.g. agriculture, forest tree or others) 2245 
associated with the GM plant, including how the plant will be cultivated, harvested and processed (EC, 2246 
2001).   2247 

The production system is defined by the specific use of the GM plant, the context in which the GM 2248 
plant is grown, its cultivation (including crop rotation), harvesting and management, and the genetic 2249 
background in which the transgenic trait has been introduced. For example, grain maize, forage maize 2250 
and sweet maize have different production systems with different environmental impacts in similar 2251 
receiving environment(s). All may receive the same GM event but the subsequent changes in 2252 
cultivation and environmental impacts may differ. Similarly GM plants introduced for amenity, 2253 
forestry, land reclamation and other uses may also possess traits or other characteristics which require 2254 
different management practices and the impact of these must also be assessed. Consequently, the 2255 
problem formulation for a GM plant should take into consideration receiving environment(s), which 2256 
include the various agricultural production systems where the GM plant might be grown and any 2257 
potential subsequent changes in the cultivation, management, harvesting and processing techniques 2258 
associated with the GM plant compared to its conventional counterpart.  2259 

Examples of GM plants that can cause significant changes in production systems, are provided below:  2260 

 GM herbicide tolerant (GM HT) plants will change herbicide regimes (e.g. type of herbicide 2261 
and application timing) and may introduce minimum tillage or no-till cultivation techniques. 2262 
In addition crop rotations and cultivation of other plants in a rotation may change in response 2263 
to enhanced weed control or the presence of GM HT plant volunteers;  2264 

 In addition, some GM HT plants (e.g soybean) management might have an effect on nitrogen-2265 
fixing symbiotic partners and might therefore induce a change in nitrogen fertilizer use; 2266 

 GM insect resistant (GM IR) plants will reduce the use of some insecticides and may cause 2267 
changes in crop rotations in response to reduced pest pressure. GM IR plants may require 2268 
establishment of non-IR refuges with specific cultivation requirements. The introduction of 2269 
GM IR plants may result in secondary pests becoming more problematic and changes in pest 2270 
management which can have further environmental implications (Wang et al., 2008);   2271 

 GM drought tolerant or salt tolerant plants could change irrigation and other production 2272 
practices;  2273 

 GM plants with a high potential for gene flow may require specific management techniques to 2274 
prevent flowering or seeding (e.g. coppicing of trees);  2275 

 Adoption of open pollinating GM plants will affect other related plants nearby and within 2276 
rotations because of plant purity and coexistence issues;  2277 

 Adoption of pest, disease and herbicide tolerant GM plants will alter requirements for 2278 
Integrated Pest Management in these plants and in other plants in rotation or proximity and 2279 
may affect the spatial organisation of cropping systems (e.g. to reduce selection pressure on 2280 
weeds, mitigate insect resistance).  2281 

An assessment is required of the possible immediate and/or delayed, direct and indirect environmental 2282 
impacts of the specific cultivation, management and harvesting techniques used for the different 2283 
receiving environment(s) in which the GM plant may be grown where these techniques are different 2284 
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from those used for non-GM plants. This should include the impact on biogeochemical processes (see 2285 
chapter 3.6) as well as on biodiversity in the receiving environment(s).  2286 

The problem formulation should identify, through relevant assessment endpoints, the aspects of the 2287 
environments that need to be protected from adverse effects due to changes in cultivation, 2288 
management and harvesting practices. 2289 

In problem formulation, assessment of effects should also consider, through a scenario analysis 2290 
approach, potential changes of receiving environment(s) and production systems (e.g. crop rotations 2291 
and cropping systems, range of adoption of the GM plant, introduction of other GM crops, pest 2292 
pressure evolution41).   2293 

 2294 

3.5.2. Step 2: Hazard Characterisation 2295 

Based on the hazards identified in step 1 the applicant is requested to further characterize hazards 2296 
associated with the change in specific cultivation, management and harvesting techniques in the 2297 
receiving environment(s). In assessing the information on the receiving environment(s), the applicant 2298 
should identify the various representative production systems (use of the plant, crop rotation, 2299 
cultivation techniques and genetic background) in which the GM plant may be introduced, and then 2300 
consider how the GM plant is likely to alter the existing production systems. In addition, the applicant 2301 
should consider, via relevant scenarios, potential evolutions of receiving environment(s) within the 2302 
timeframe of the authorisation as detailed earlier in the problem formulation (see chapter 3.5.1).  2303 

For each of the representative production system, the applicant should identify the possible adverse 2304 
changes in production practices the introduction of the GM plant may induce, including changes in 2305 
applications of plant protection products (pesticides and/or biocontrol agents), rotations and other 2306 
plant management measures for the GM plant whenever these are different from the conventional non-2307 
GM plant under representative conditions. These changes may result from the characteristics of the 2308 
GM plant itself or from the implementation of management measures aiming to mitigate potential 2309 
adverse effects (e.g. Bt resistance or weed resistance).  2310 

Information is required for all foreseen potential changes in management and an assessment should be 2311 
made of likely adverse environmental impacts of these changes. In addition the impact of the GM 2312 
plant on the cultivation of other plants (e.g. change of weed control regimes in subsequent crops) 2313 
should be considered and the consequences of any changes in the management of these plants should 2314 
also be assessed.   2315 

The application of risk management measures identified in chapter 3 (e.g. to limit gene flow to weeds, 2316 
feral plants and crop volunteers) may result in new cultivation, management and harvesting 2317 
requirements and the consequences of these for the environment should be assessed. 2318 

For example, GM HT plants should be assessed for  2319 

 The effects of the changes in weed management on biodiversity (flora and fauna) in and 2320 
around fields (Firbank et al., 2003). GM crop volunteers and hybridising relatives may require 2321 
additional measures for control in other crops. Related HT plants already in the environment 2322 
may hybridise with the new plant and thus the management of GM plants containing 2323 
unintended stacked HT genes also needs to be considered. Moreover, weed resistance may 2324 

                                                      
 
41 Unrelated changes due to external drivers such as climate change, regulation on pesticides, common agricultural policies, 

market requirements or agricultural innovations may alter the relationship between GM plants and farming systems and 
may inform the potential evolution of receiving environments and help applicants to identify which relevant scenarios 
might be considered.  
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occur, either through selection pressure (repeated application of the same herbicide over the 2325 
rotation (Heap, 2008) or through outcrossing gene flow to weed relatives (Jorgensen, 1999, 2326 
Chevre, 2003, Jorgensen, 2007, Heap, 2008). The consequences of this may be further 2327 
changes in weed management and the environmental impacts of this require assessment;  2328 

 Some specific GM HT crop (e.g. soybean) might have an effect on nitrogen-fixing symbiotic 2329 
partners and might therefore induce a change in nitrogen fertiliser use. The potential 2330 
environmental consequences of such changes (e.g. on biogeochemical processes) need to be 2331 
considered (see chapter 3.6.).  2332 

An abiotic stress tolerant GM plant (e.g. drought or salt tolerant) may change irrigation regimes or 2333 
lead to an extension of the geographical cultivation area of such plants and hence to changes in 2334 
production systems.   2335 

GM IR plants induce changes in plant protection regimes and allow more frequent cultivation of the 2336 
IR plant in rotations or in a region. In addition resistance management may require changes to 2337 
cultivation practices and these should be assessed.   2338 

Potential changes in soil tillage resulting from adoption of GM plants will affect the greenhouse gasses 2339 
emission and the overall energy balance. They may also have impacts on soil biodiversity whose 2340 
importance may be higher than the direct effect of the GM plant (Krogh and Griffiths, 2007). The 2341 
applicant is requested to link this chapter to the outcome of the assessment performed on chapter 3.6 2342 
on biogeochemical processes. 2343 

Applicants should provide evidence concerning changes in production practices and their effects on 2344 
the environment. Information on the effects in the environment might come from literature, monitoring 2345 
reports, field-generated data and modelling. 2346 

Longer term and indirect effects due to management changes might be difficult to evaluate through 2347 
small scale and short-term field experiments (see chapter 2.3.4 on techniques to assess long-term 2348 
effects). Data on cultivation of GM plants outside EU might be reported as far as they are relevant 2349 
under European conditions.  2350 

In addition, as far as they have been validated, models may be used to complement applicant 2351 
statements (e.g. resistance emergence models for insects see Bourguet et al., 2003). Applicants may 2352 
provide simulations, carried out under representative receiving environment(s) and various GM 2353 
adoption scenarios, to assess to what extent the changes in management practices may have adverse 2354 
effects on the environment. 2355 

Production systems used in non-EU countries where the GM plant has been grown could provide 2356 
useful information on potential alterations of cultivation management and harvesting techniques. The 2357 
applicant is requested to analyse this information and any information on potential environmental 2358 
impacts of the production systems in those countries where the GM plant is currently grown.  2359 

 2360 

3.5.3. Step 3: Exposure characterisation 2361 

An assessment is required of the possible immediate and/or delayed, direct and indirect environmental 2362 
impacts of the specific cultivation, management and harvesting techniques used for the different 2363 
production systems under which the GM plant may be grown where these techniques are different 2364 
from those used for non-GM plants. 2365 

The applicant should assess the magnitude of changes in cultivation, management and harvesting 2366 
techniques for each selected representative receiving environment(s) (see 2.3.2). Due to the high 2367 
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diversity of production practices across EU, the selected receiving environment(s) should include 2368 
representative scenarios and a worst-case scenario.  2369 

Changes in production practices cannot always be anticipated although, in some cases, these changes 2370 
are partially already known through data on cultivation of GM plants outside EU. In any case, the 2371 
applicants are invited to consider the various scenarios which might occur in representatives receiving 2372 
environment(s) and assess, via scenario analysis, the consequences in relation to different level of 2373 
adoption of GM plants (in term of exposure). 2374 

In addition, as far as they have been validated, models may be used to support that scenario analysis 2375 
and complement applicant statements on exposure characterisation e.g. exposure assessment models 2376 
(Perry et al., 2010) or gene flow models (Colbach et al., 2005, Angevin et al., 2008, Colbach, 2009, 2377 
Colbach et al., 2009).  2378 

 2379 

3.5.4. Step 4: Risk characterization 2380 

The applicant should characterise the identified risks related to changes in production systems. The 2381 
scenario approach covering representative situations that may be encountered should inform the 2382 
potential risk linked to changes in farming practices. However, the cultivation management and 2383 
utilisation of a GM plant may vary from region to region and farm to farm. Even if models help, it 2384 
may be difficult to predict the whole range of farming practices that will be deployed with the GM 2385 
plant. The conclusions for risk characterization should take into account the consequences of this 2386 
unpredictability of farm management and relate them (in chapter 3.5.5) to proposed mitigation 2387 
measures to ensure adverse environmental impact is maintained at or below current levels found in 2388 
comparable conventional systems.  2389 

In addition, as far as validated, models may be used to complement applicant statements and clarify 2390 
uncertainties, applicants may provide simulations, carried out under representative receiving 2391 
environment(s) and various GM adoption scenarios, to assess the level of risk (Heard et al., 2005). 2392 

 2393 

3.5.5. Step 5: Risk management strategies 2394 

In situations where the ERA concludes that changes in production and management systems may 2395 
cause adverse environmental impacts compared with the non-GM production system, applicants 2396 
should present and assess management strategies to mitigate adverse effects.   2397 

The efficacy of each proposed management strategies in the relevant receiving environment(s) should 2398 
be presented and discussed by the applicant in its application.  2399 

Applicants should assess to what extent the proposed management strategies or options do not induce 2400 
more harm than conventional systems and are consistent with the environmental protection goals and 2401 
biodiversity action plans of Member States (based on literature, specific field experiments, and 2402 
feedback from large-scale use of such measures elsewhere or modelling studies).  2403 

Validated models, e.g. model used for assessing the efficacy of the high dos/refugee strategy for Bt 2404 
crops, may be used to complement applicant statements. Applicants may provide simulations, carried 2405 
out under representative receiving environment(s) and GM adoption scenarios, to assess to what extent 2406 
the risk management practices they propose to implement may prevent adverse effects on the 2407 
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environment42. This would help, with the establishment of monitoring schemes since their design may 2408 
depend on adoption scenarios and other factors. 2409 

 2410 
Specific case of GM HT Plants 2411 

Under current EU legislations for the introduction of GM plants (Directive 2001/18/EC, Regulation 2412 
(EC) No. 1829/2003) there is a requirement to assess the environmental impacts of GM plants and also 2413 
to assess the environmental impacts of the specific cultivation and management of GM plants.  In the 2414 
case of GM HT plants, this means evaluating the overall environmental impact of the specific 2415 
cultivation practices due to the change in herbicide use associated with these GMHT plants, as well as 2416 
the environmental impacts directly associated with the GM plant itself. 2417 

In the current regulations governing pesticide registration in Europe (Directive 91/414/EC (EC, 1991) 2418 
and recent updated Regulation XX), the ERA of pesticides includes an assessment of impacts on 2419 
certain non-target organisms and studies of residual activities in soil and water. Whereas the ERA of 2420 
plant protection products does not currently include studies of impacts on biodiversity within crops of 2421 
or changes in agricultural management practices (which are required in relation to GM plants under 2422 
(EC, 2001), the new pesticide regulations in the EU are under review and consideration of impacts on 2423 
biodiversity is included in the new revised Regulation (EC) No 1107/2009, adopted on October 2424 
200943.  2425 

Whatever the new provisions of the Plant Protection Product Regulation (e.g. on biodiversity), it is 2426 
necessary to assess the possible adverse effects on the environment (biodiversity and non-target 2427 
organisms) which any particular individual GM HT plant may cause due to changes in agricultural 2428 
practices, including those due to different herbicide practices.  2429 

The ERA should discuss the potential environmental impact of the management of GM HT plants, 2430 
considering the range of receiving environment(s) and agricultural production systems which might be 2431 
concerned. This should include consideration of likely effects on the environmental protection goals 2432 
and farmland Biodiversity Action Plans of Member States and comparison with the management of 2433 
non-GM plants. For example, the published results of the UK’s Farm Scale Assessments of GM HT 2434 
plants (Squire et al., 2003) may give information relevant to other HT plants. However, it will be 2435 
necessary to compare the relative efficacy of different herbicides and their management programmes 2436 
on e.g. weed species in order to assess the impact of herbicide regimes on biodiversity.  2437 

The applicant is requested to consider the following sequential principles to address this impact:    2438 

 The ERA should consider the stewardship recommendations (or proposals for stewardship 2439 
recommendations) in the range of production and management systems of the GM HT plant 2440 
likely to be applied in various Member States in Europe. These management systems should 2441 
include measures to control HT volunteers and HT weeds, and to manage interactions with 2442 
other HT plants including gene stacking. The potential environmental impacts of these 2443 
recommended herbicide management measures should be compared with those currently 2444 
observed in equivalent non-HT plants and non-GM HT plants;  2445 

                                                      
 
 
 

43 Regulation (EC) No 1107/2009 – adopted October 2009; in force from June 2011, repealing Directives 79/117/EEC and 
91/414/EEC  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:309:0001:0050:EN:PDF 
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 The risk assessment should consider whether these uses of the herbicide could result in 2446 
reductions in biodiversity leading to environmental damage equivalent to, or greater than, 2447 
non-HT plants and non-GMHT plants, taking into account both the different production 2448 
systems and different levels of biodiversity found in different European farming regions.   2449 

 2450 

In summary, the EFSA GMO Panel considers that the novel use of herbicides on GM HT plants will 2451 
change agricultural practices and that this requires an ERA. The applicant is therefore requested to:  2452 

 Describe the potential herbicide regimes to be applied to the GM HT crop under consideration 2453 
in Europe. Typical dose(s) of the active ingredient and timing recommendations and their 2454 
respective ranges for GM HT plant are also expected;  2455 

 Assess the potential environmental effects due to the cultivation of the GM HT crop in the 2456 
receiving environment(s) where the GM HT plant is likely to be cultivated, considering in 2457 
particular i) the evolution of less desirable weed assemblages leading to reductions in 2458 
farmland biodiversity, ii) evolution of weed resistance, iii) potential effects on soil microbial 2459 
communities. Reference to scientific publications in support of each statement/observed/non 2460 
observed effects is expected; 2461 

 Consider the consequences of the assessment on the impact of the herbicide treatments on 2462 
biodiversity in fields and the implications of this for wider biodiversity within farming 2463 
regions, integrated pest and disease management and the functioning of agricultural 2464 
ecosystems;  2465 

 Since it is anticipated that other HT plant might be grown in rotation with in particular GM 2466 
HT plant, consider the interactions with these other HT plants grown whenever it is relevant. 2467 
Where management of HT volunteers is anticipated, then the environmental impact of 2468 
additional measures to control these volunteers in HT plants should be assessed;  2469 

 Estimate the likely rate of evolution of HT weeds considering that other crops tolerant to the 2470 
same herbicide will be grown in Europe, some in rotation or sequence with this HT plant;  2471 

 Indicate the specific management strategies that will be put in place to restrict the 2472 
environmental impact to the levels currently found in equivalent non HT plants, in this GM 2473 
HT plant and in situations where HT weeds and volunteers might develop. The applicant 2474 
should describe the recommended herbicide regimes and mitigations measures that will be put 2475 
in place to maintain biodiversity at current levels. 2476 

 Assess the efficacy of these recommended herbicide regimes.  2477 

Management plans of GM HT systems should be constantly reviewed and updated to consider new 2478 
scientific information in this area.  2479 

 2480 

3.5.6. Conclusions 2481 

A conclusion is required of the overall risk considering immediate and delayed effects on the 2482 
environment, both in-field and wider, resulting from potential direct and indirect effects of changes in 2483 
management and cultivation practices. The applicant should also consider effects of further potential 2484 
changes in receiving environment(s) and farming systems. 2485 

Where specific risks associated with the cultivation of the GM plant are identified during the ERA, 2486 
risk management strategies should be proposed to mitigate these risks and applicants should indicate 2487 
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how these measures will be introduced and enforced. Furthermore, monitoring is required either to 2488 
confirm any assumptions regarding the occurrence of adverse effects or the efficacy of mitigation 2489 
measures (chapter 4). 2490 

2491 
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 2492 

3.6. Effects on biogeochemical processes44  2493 

3.6.1. Step 1: Problem formulation 2494 

The term Biogeochemical processes refers to interactions between organisms (in this case GM plant), 2495 
and their environment(s) e.g. soil or natural water bodies, in regards to chemical transformation which 2496 
can be crucial for the sustainable function of the ecosystems. Biogeochemical processes include 2497 
degradation of plant material, formation of soil organic matter, and cycling of carbon, nitrogen and 2498 
other elements. Biogeochemical processes influence soil fertility but they may also be involved in 2499 
nutrients losses and mobilization or produce greenhouse gases (CO2, CH4, N2O). Therefore 2500 
applicants should assess whether GM plants may potentially have adverse effects on the 2501 
biogeochemical processes compared to conventional production (e.g. agriculture). Problem 2502 
formulation could cover a range of scales that include processes occurring within the production site, 2503 
mediated by soil microorganisms for example (in-production site biogeochemical processes, and 2504 
processes in which the production site exchanges energy, elements and materials with its external 2505 
environment (wider biogeochemical processes). Indirect impacts due to altered cultivation, 2506 
management and harvesting techniques should be considered by reference to chapter 3.5. 2507 

Soil organisms are the drivers of biogeochemical processes in the production site, determining soil 2508 
structure, nutrient cycling, immobilization and mobilization of nutrients, soil organic matter (SOM) 2509 
degradation and emission of greenhouse gases. Soil fertility is a key parameter of soil quality and is to 2510 
a large extent consequent on previous generations of plants and micro-organisms acting on and 2511 
mediating biogeochemical processes. As plant-associated (e.g. rhizosphere) and soil microbial 2512 
communities perform the vital biotransformations for sustainable soil fertility, any negative impact(s) 2513 
on these organisms should be carefully evaluated on a case-by-case basis with particular reference to 2514 
the characteristics of the introduced trait and the consequences of the genetic modification or alteration 2515 
of the GM plant.  2516 

Applicants are requested to consider a wider definition of biogeochemical processes, which include 2517 
(first) inputs that are necessary for production (e.g. agricultural - such as fertiliser, fuel, seed, 2518 
pesticides and carbon amendment) operations,  and (second) losses to the atmosphere and water from 2519 
the production site as a result of human (e.g. agricultural) operations. Inputs include the manufacture 2520 
and procurement of fertilisers (organic and inorganic), not only their application in the production site. 2521 
However, the level of detail required in the ERA will depend upon the characteristics of the plant and 2522 
the transgenic trait and the scope of the application. The purpose of the step-by-step approach is to 2523 
ensure that detailed data are supplied when required, and that data requirements remain proportionate 2524 
to the potential risk for biogeochemical processes.  2525 

Problem formulation should include potential effects on both in-production site and wider 2526 
biogeochemical processes. Problem formulation should start with a baseline comparison between the 2527 
cultivation system used for GM plants and its conventional counterpart, and should establish whether 2528 
the cultivation system used for GM plants could in principle affect biogeochemical processes.  2529 

With respect to the in-production site biogeochemical processes, the evaluation should address the 2530 
potential impact of GM plants through factors such as: 2531 

I. Release of recombinant gene products or GM specific metabolites into soil or its transfer 2532 
into water bodies (surface water and groundwater); 2533 

                                                      
 
44 This chapter of the updated ERA Guidance Document combines previous chapter on biogeochemical processes and 

potential interaction with the abiotic environment from the former ERA GD (EFSA, 2006b). 
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II. Altered movement of other compounds from roots to soil, which may directly influence 2534 
processes in soil fertility, nutrient transformations and soil food webs;  2535 

III. Altered plant litter that decomposes differently from that of non-GM plants due to either 2536 
the presence of specific compounds (e.g. toxic metabolites) or altered concentration of 2537 
substances resistant to decomposition;  2538 

IV. Altered fixing (uptake and assimilation) of plant nutrients within the plant-soil system.  2539 

 2540 

With respect to the wider biogeochemical processes, the evaluation should address the potential 2541 
impact of GM plants and the associated production (e.g. agricultural) management on: 2542 

V. Losses from production sites systems to air, or water e.g. greenhouse gas emissions, 2543 
including those that result from operations and processes that are essential to plant 2544 
production but which occur outside the production site (e.g. manufacture and transport of 2545 
fertiliser);  2546 

VI. The capacity of production (e.g. agricultural) systems to store water, carbon, nitrogen, 2547 
phosphorus and other elements essential for plant growth and ecosystem functioning45.  2548 

 2549 

3.6.2. Step 2: Hazard characterization  2550 

Step 2 consists of characterising any hazards identified during consideration of the problems in step 1 2551 
that might lead to adverse effects on biogeochemical processes in the production site or in the wider 2552 
environment.  2553 

Hazards should be considered that might result from an intended change in the plant (e.g. change in 2554 
plant nutrient relations) or an ancillary change related to the GM plant or its method of cultivation. For 2555 
example, if plant compositional analysis indicates a substantial change in the C/N ratio of plant 2556 
structures or the lignin composition of plant litter, then the potential effects of these changes on 2557 
biogeochemical processes should be evaluated. Similarly, with respect to wider biogeochemical 2558 
processes, if the GM plant and its cultivation are likely to alter fertiliser inputs, tillage or the timing of 2559 
cultural operations in the receiving environment(s), then effects of these on the wider biogeochemical 2560 
processes should be evaluated.  2561 

Many of the potential impacts, particularly those with respect to wider biogeochemical processes, may 2562 
result from the interaction of the GM plant and its management with general agricultural practices in 2563 
the receiving environments. Indeed, variables such as greenhouse gas emissions, pollution of water 2564 
and reduced carbon sequestration will be strongly affected by general production system (e.g. 2565 
agricultural) change, for example in the extent to which inversion tillage is practiced and the type and 2566 
origin of fertiliser. The aim of step 2 is to assess whether the hazards identified in step 1 would have 2567 
additional adverse effects relative to current production (e.g. agricultural) practice. The applicant 2568 
should make reference to chapter 3.5 if changes in cultivation (e.g. soil tillage) associated with the GM 2569 
trait are likely to have a major effect on biogeochemical processes.   2570 

 2571 

                                                      
 
45 In the past, the capacity for storage has been strongly reduced by certain (e.g. conventional agricultural) practices such as 

repeated tillage and over-extraction of primary production. 
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3.6.3. Step 3: Exposure characterization  2572 

An assessment is required of the likelihood that biogeochemical processes in the receiving 2573 
environment(s) will be exposed to any hazards arising from the GM plant and its cultivation. Exposure 2574 
in this instance should be considered in terms of the GM plant and its management affecting 2575 
biogeochemical processes both in the site of cultivation and in the wider biogeochemical processes 2576 
area as previously defined. The degree of exposure is likely to be high for potential hazards arising 2577 
from the effect of the GM plant and its management at the site of cultivation (i.e. on the plant-soil 2578 
matrix) since it is the intention to grow the GM plant within that plant-soil matrix. However, the 2579 
degree to which the wider biogeochemical processes area is exposed to a hazard is more likely to 2580 
depend also on the local context. If a GM plant and its management are considered under 3.6.2 to be a 2581 
potential hazard through an adverse change in production (e.g. agricultural) practice, but that change is 2582 
not likely to occur in a receiving environment because of soil type, climate, local fertiliser practice or 2583 
any other reason, then the exposure will be low or zero in that receiving environment. 2584 
 2585 
In most cases, there will be little or no exposure of biogeochemical processes to imported GM plants 2586 
and their products. However, the ERA should consider whether there will be exposure to products of a 2587 
GM plant through manure or organic plant matter either imported as a fertiliser or soil amendment, 2588 
derived from faeces from the gastrointestinal tracts of animals fed an imported GM plant or plant 2589 
product, or derived from other bioproducts of industrial processes.  2590 

 2591 

3.6.4. Step 4: Risk characterization  2592 

Risk characterization should aim to establish the degree of risk from the characterisation of hazard in 2593 
3.6.2 (step 2) and exposure in 3.6.3 (step 3) and should be carried out for both in-production sites and 2594 
wider biogeochemical processes. The applicant should make reference to chapter 3.5 if changes of 2595 
cultivation (e.g. soil tillage) are likely to have a major effect on biogeochemical processes. Risk 2596 
characterisation for biogeochemical processes will usually employ existing data gained from 2597 
conventional production systems. 2598 

For biogeochemical processes under the scope of cultivation, the risk characterisation should assess 2599 
the identified risk (e.g. related to impacts listed in 3.6.1, I to IV. The risk characterisation should 2600 
conclude on the degree of risk to attributes such as the structure and organisms of the soil-plant matrix, 2601 
the ability of the matrix to mediate biochemical transformations and the storage and release capacities 2602 
of the matrix. 2603 

For the wider biogeochemical processes area, the risk characterisation should assess the risk due to the 2604 
combination of in-production site processes and other factors such as the provision of fertiliser and 2605 
fuel that are essential for the cultivation of the GM plant. The risk characterisation should consider 2606 
both biogeochemical losses from the system and its capacity for storage of important biogeochemical 2607 
elements like carbon. It is accepted that most current production (e.g. agricultural) operations and 2608 
materials contribute to losses and reduced storage capacity of the production (e.g. agricultural) system, 2609 
and that change in the properties of a single type of plant is unlikely to exert great influence on the 2610 
total losses and storage. The risk characterisation should nevertheless estimate the degree of change to 2611 
biogeochemical losses and storage due to the cultivation of the GM plant in the receiving 2612 
environment(s). The risk characterisation should make reference to existing information and 2613 
experiments on losses to air and water as a result of production (e.g. agricultural) operations and 2614 
should – where appropriate - quantify the analysis as far as possible using existing methods of 2615 
calculating variables such as greenhouse gas emissions  and erosion of soil, carbon and plant nutrients.   2616 

 2617 
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3.6.5. Step 5: Risk management measures 2618 

Based on the outcome of the risk characterization, the applicant should determine and evaluate 2619 
targeted risk management strategies (altered production practices, see Chapter 3.7) which could 2620 
minimize undesired impacts of the GM plant on biogeochemical processes. Since biogeochemical 2621 
cycles are influenced by many operations in farming, it may be possible to compensate for negative 2622 
effects associated with the release of the GM plant by modifying other operations in the production 2623 
system. The assessment should consider the general scope for such modification in the production 2624 
systems of the receiving environment(s). 2625 

 2626 

3.6.6. Conclusions  2627 

A conclusion is required of the overall risk considering immediate and delayed effects on 2628 
biogeochemical processes, both in-field and wider, resulting from potential direct and indirect effects 2629 
of the GM plant and its management on in-field and wider biogeochemical processes. The applicant 2630 
should also consider long-term effects of adverse changes in biogeochemical processes and should 2631 
address indirect effects on biogeochemical processes as a consequence of altered production practices 2632 
related to the GM plant in chapter 3.5. The risk characterisation and conclusions will determine the 2633 
requirements for the post market environmental monitoring plan (see chapter 4). 2634 

 2635 
 2636 

3.7. Effects on human and animal health  2637 

In the framework of GMO risk assessment under Directive 2001/18/EC, an assessment is required of 2638 
the possible immediate and/or delayed effects on human and animal health resulting from exposure to 2639 
the GM plant or its products. In particular, the risk to persons working with the GM plant, coming into 2640 
contact with it or exposed to products such as pollen or dust from processed plants should be 2641 
assessed (see Annex II D.2.6 of the Directive). This assessment is particularly required for GM plants 2642 
which are not destined for human or animal consumption and where impacts on human health may not 2643 
have been so meticulously studied. 2644 

For GM plant applications for food and feed purposes, the applicant is requested to refer to the 2645 
requirements detailed in the updated EFSA GMO Panel Guidance Document “Guidance Document of 2646 
the Scientific Panel on Genetically Modified Organisms (GMO) for the Risk Assessment of 2647 
Genetically Modified Plants and Derived Food and Feed” (EFSA, 2009f) and where relevant, the 2648 
EFSA opinion on “assessing the allergenicity of GM plants and microorganisms and derived food and 2649 
feed” (EFSA, 20xx). 2650 

For GM plant applications for non-food or non-feed purposes, the applicant is requested to refer to the 2651 
requirements detailed in the EFSA GMO Panel “Guidance for the Risk Assessment of GM plants used 2652 
for non-Food or non-feed purposes” (EFSA, 2009d).  2653 

The applicant should follow the 6 steps approach as outlined in chapter 2.2 on a case-by-case basis. A 2654 
conclusion is required of the overall risk on human and animal health.  2655 

 2656 

3.8. Overall risk evaluation and conclusions 2657 

On the basis of the ERA performed under chapter 3.1 to 3.5, the weight of evidence and the 2658 
conclusions reached under each chapter, the applicant is requested to perform an overall evaluation of 2659 
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the risk(s) of the GM plant in the receiving environment(s). The overall evaluation of the risk(s) of the 2660 
GM plant should take into account the risk characterisation (step 1 to step 4) and any risk management 2661 
strategies proposed (step 5).  2662 

The overall risk evaluation should be expressed in a form of a summary, in a concise way, of the 2663 
overall risk(s) from deliberate release or placing on the market of the GM plant, including the overall 2664 
uncertainties. The quality of existing data and information should be discussed, an explanation on how 2665 
the body of information has been taken into account and the potential uncertainties. The overall risk 2666 
evaluation should result in informed qualitative, and if possible quantitative, guidance to risk 2667 
managers. The applicant should explain clearly what assumptions have been made during the ERA, 2668 
and what is the nature and magnitude of uncertainties associated with establishing the(se) risk(s). 2669 

The applicant should provide a summary of the overall risk evaluation in a way that conclusions can 2670 
be drawn up for the PMEM (chapter 4).  2671 

 2672 

4. Post Market Environmental Monitoring Plan  2673 

4.1. General 2674 

The Regulation (EC) No. 1829/2003 introduces the obligation for applicants to implement, if 2675 
appropriate, a GMO monitoring plan for environmental monitoring according to Annex VII of the 2676 
Directive 2001/18/EC (Regulation (EC) No. 1829/2003 Art. 5(5)(b) and Art 17(5)(b)) In reference to 2677 
Directive 2001/18/EC the environmental monitoring is introduced in order to identify any direct or 2678 
indirect, immediate and/or delayed adverse effects of GMOs, their products and their management to 2679 
human health or the environment, after the GMO has been placed on the market. 2680 

Since the Regulation (EC) No. 1829/2003 explicitly refers to Annex VII of Directive 2001/18/EC the 2681 
structure and content of this environmental monitoring plan should be designed in accordance with the 2682 
Council Decision 2002/811/EC supplementing Annex VII (strategy, methodology, analysis, reporting 2683 
(EC, 2002a, Wilhelm, 2003, ACRE, 2004).  2684 

An environmental monitoring plan is required for applications for placing on the market of GMOs or 2685 
food/feed containing or consisting of GMOs conforming with Annex VII to Directive 2001/18/EC. It 2686 
is explained in the Guidance notes supplementing Annex VII that the extent of the market release 2687 
should be taken into account. Thus, the monitoring plan should be targeted rather than considering 2688 
every possible environmental aspect. Applications concerning only food/feed or ingredients (for 2689 
example, imported into but not cultivated within the EU) will thus not normally be required to 2690 
describe a detailed environmental monitoring plan if the applicant has clearly shown that 2691 
environmental exposure is absent or will be at levels or in a form that does not present a risk to other 2692 
living organisms or the abiotic environment. 2693 

Monitoring can be defined as the systematic measurement of variables and processes over time and 2694 
assumes that there are specific reasons to collect such data, for example, to ensure that certain 2695 
standards or conditions are being met or to examine potential changes with respect to certain baselines. 2696 
Against this background, it is essential to identify the type of effects or variables to be monitored, an 2697 
appropriate time-period for measurements and, importantly, the tools and systems to measure them. 2698 
Monitoring results, however, may lead to adjustments of certain parts of the original monitoring plan, 2699 
or may be important in the development of further research. The Council Decision 2002/811/EC (EC, 2700 
2002a) provides no clear differentiation between the monitoring principles of either case-specific 2701 
monitoring or general surveillance (den Nijs and Bartsch, 2004). This GD provides further assistance 2702 
in the following chapters.  2703 
 2704 
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The monitoring results should be presented in accordance with the Cultivation Monitoring Format 2705 
established by Commission Decision 2009/770/EC46 2706 

  2707 

4.2. Interplay between environmental risk assessment and monitoring 2708 

4.2.1. Monitoring of effects: Foreseen and unforeseen 2709 

The environmental monitoring of the GM plant will have two aims: (1) to study any possible adverse 2710 
effects of the GM plant identified in the formal risk assessment procedure, and (2) to identify the 2711 
occurrence of adverse unforeseen effects of the GM plant or its use which were not anticipated in the 2712 
ERA. Where there is scientific evidence of a potential adverse effect linked to the genetic 2713 
modification, then case-specific monitoring should be carried out after placing on the market, in order 2714 
to confirm the assumptions of the ERA. Consequently, case-specific monitoring is not obligatory and 2715 
is only required to verify the risk assessment, whereas a general surveillance plan must be part of the 2716 
application. Applicants who are proposing to have no case-specific monitoring are encouraged to 2717 
provide arguments in support of this position. These arguments should relate to the assumptions 2718 
applicants have made in the ERA as well as to the lack of any identified adverse effects in steps 1 to 5 2719 
(see chapter 2.2).  2720 

 2721 

4.2.2. Monitoring framework 2722 

Council Decision (2002/811/EC) (EC, 2002b) explicitly suggests that general surveillance should 2723 
include long-term monitoring, to allow for unexpected effects that may occur after longer periods of 2724 
environmental exposure.  2725 

The environmental monitoring plan should describe in detail the monitoring strategy, methodology, 2726 
analysis, reporting and review as laid down in Council Decision 2002/811/EC. In this respect, GM 2727 
plant-based parameters will depend on the particular GM plant, trait and environment combination. 2728 
Key parameters to be observed may refer to species/ecosystem biodiversity, soil functionality, 2729 
sustainable agriculture, or plant health. Indicators should be measurable, appropriate, adequate in 2730 
terms of statistical power, and comparable with existing baseline data. Background and baseline 2731 
environmental data e.g. soil parameters, climatic conditions, general crop management data e.g. 2732 
fertilisers, plant protection, crop rotations and previous crop history should be collected, where 2733 
appropriate, to permit the assessment of the relevant parameters.  2734 

 2735 

4.3. Case-specific GM plant monitoring 2736 

The main objective of case-specific monitoring is to determine the significance of any adverse effects 2737 
identified in the risk assessment (see chapter 3). The assessment of risk should be based on Annex II 2738 
of the Directive (EC, 2001).  2739 

Case-specific monitoring should be targeted at those environmental factors most likely to be adversely 2740 
affected by the GM plant which were identified in the ERA. The scientific approach should be 2741 
designed in order to test the specific hypothesis of expected adverse effects derived from the 2742 
                                                      
 
46 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:275:0009:0027:EN:PDF 
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environmental risk assessment. The monitoring programme design should also reflect levels of 2743 
exposure in different geographical regions and other specific site influences. Such monitoring may be 2744 
carried out at a limited number of sites (‘local monitoring’), where exposure is greatest and intensive 2745 
recording and data collection can take place. This would be particularly appropriate when it is 2746 
envisaged that there will be a phased or gradual introduction of the GM plant into a limited number of 2747 
regions in various EU Member States. The scale of the monitoring should be increased as the area and 2748 
range of the GM plant expands, and the plant is grown in more regions. The monitoring should consist 2749 
of the systematic recording of relevant parameters at representative locations where there is significant 2750 
and repeated growing of the GM plant. This might also be defined according to the extent of the 2751 
cultivation of the GM plant, the occurrence of targeted pest species or particular climatic/eco-regions. 2752 
The methods selected, the duration of the monitoring, the extent or number of areas and the parameters 2753 
to be monitored will be determined on a case-by-case basis. Whilst the planning and execution of 2754 
case-specific monitoring is under the applicant's responsibility, it may be appropriate for the applicant 2755 
to involve public institutions to contribute to the agreed work. 2756 

 2757 

4.4. General surveillance for unanticipated adverse effects 2758 

The objective of general surveillance is to identify the occurrence of unanticipated adverse effects of 2759 
the GM plants or its use on human health or the environment that were not anticipated in the 2760 
environmental risk assessment. General surveillance applies where no adverse effect has been 2761 
identified in the ERA, but is always required in order to detect unanticipated adverse effects (EC, 2762 
2002a). Monitoring of potential adverse cumulative long-term effects and areas of uncertainty 2763 
identified in the ERA are important objectives of monitoring (EC, 2002a) which should be considered 2764 
initially within case-specific monitoring. When there is a negligible degree of uncertainty in the 2765 
environmental risk assessment then no case-specific monitoring is indicated. However, general 2766 
surveillance is always required for monitoring any unanticipated adverse effects. 2767 

An effect can be defined as an alteration that results in values that fall outside the normal range, given 2768 
the variation due to the constant changes in the agricultural practices, rural environment and associated 2769 
biota in the EU. A major challenge of general surveillance is determining whether: 2770 

 an unusual effect has been observed 2771 

 the effect is adverse and 2772 

 the adverse effect is associated with the GM plant or its cultivation. 2773 

The use of a range of monitoring systems to supply data and the ability to compare data from these 2774 
different sources will help to indicate whether an effect is unusual and adverse. The identification of 2775 
an adverse effect which is potentially linked to specific GM plants would trigger the need for a 2776 
specific study to evaluate harm and determine cause.  2777 

An objective of the Directive 2001/18/EC (EC, 2001) is to protect the environment including 2778 
biodiversity, water and soil. The EFSA GMO Panel is of the opinion that one important task within 2779 
general surveillance is to link monitoring to these environmental protection goals. Recently, EU 2780 
Directive 2004/35/EC on environmental liability with regard to the prevention and remedying of 2781 
environmental damage (EC, 2004) defined environmental damage as a measurable adverse change in a 2782 
natural resource or measurable impairment of a natural resource service which may occur directly or 2783 
indirectly. 2784 

Within a broader concept of environmental issues, unanticipated adverse effects on human health have 2785 
also to be addressed in the monitoring plan presented by the applicant. The scope of monitoring for 2786 
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unanticipated adverse effects on human health is defined, according to Directive 2001/18/EC, as 2787 
monitoring for unanticipated adverse effects that may result from handling of the GM plant.  2788 

It might prove very difficult to design monitoring (including general surveillance) for unanticipated 2789 
adverse effects on human health. However, knowing that the release of GM plants needs to be 2790 
considered in context of their interaction with other environmental components, monitoring for health 2791 
effects could be considered in conjunction with human population screening methods currently used 2792 
by public health organisations (for assessing such elements as incidences of allergic reactions) and as 2793 
part of the suggested plant production and farm questionnaires.  2794 

 2795 

4.4.1. Approach and principles of general surveillance  2796 

Applications concerning food/feed uses and import and processing do not require scientific 2797 
information on possible environmental effects associated with the cultivation of the plant. The extent 2798 
of general surveillance for these GM plants will depend on the level of environmental exposure. 2799 
Therefore the EFSA GMO Panel differentiates between general surveillance plans as part of 2800 
applications for import/processing and applications for cultivation. 2801 

4.4.1.1. Approach and principles for GM plants intended for import and processing only 2802 

General surveillance plans as part of applications for import and processing will need to take account 2803 
of the modified characteristics specific to the GM plants in question, their intended use and the 2804 
receiving environment(s) (EC, 2002b). The extent of the general surveillance plan will depend on the 2805 
level of environmental exposure, the establishment, persistence and spread of the GM plant and does 2806 
not require scientific information on possible environmental effects associated with the cultivation of 2807 
the plant. The applicant has to show that environmental exposure will be at levels or in a form that 2808 
does not present a risk to other living organisms or the abiotic environment (see chapter 3.6). 2809 

In the case of non-viable GM material (e.g. derived products not containing any living GMOs) and 2810 
according to Directive 2001/18/EC, the applicant does not have to provide any environmental 2811 
monitoring plan (including general surveillance). 2812 

In the case of imported GM products containing viable propagating material, general surveillance 2813 
plans should consider that if substantial loss, spillage and establishment is possible, appropriate 2814 
management systems should be in place to restrict environmental exposure. 2815 

4.4.1.2. Approach and principles for GM plants intended for cultivation 2816 

General surveillance plans as part of applications for cultivation will need to take account of the full 2817 
environmental effects of the GM plant including its cultivation. 2818 

The EFSA GMO Panel is of the opinion that general surveillance is a general overseeing of the 2819 
geographical regions where GM plants are grown without having any specific hypothesis on adverse 2820 
effects on human health or the environment. As general surveillance is not hypothesis-driven, it is not 2821 
conducted using directed experimental approaches (see also ACRE, 2004, Sanvido, 2005). However, 2822 
robust scientific methodology should be applied wherever possible in order to evaluate empirical 2823 
knowledge. This especially refers to defining sample sizes, sampling and recording methods, in order 2824 
to produce statistically valid data for determining causes and effects.  2825 

Existing surveillance systems should be used where practical (e.g. routine farm recording systems) and 2826 
any ‘unusual’ effect, not occurring in similar situations within conventional cropping, should be 2827 
recorded (e.g. effects on soil). 2828 
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The establishment, persistence and spread of a GM plant is not an environmental hazard in itself. 2829 
Similarly, dispersal of pollen and seeds and gene flow per se are not environmental hazards and thus 2830 
the focus of general surveillance should be on recording any unanticipated consequences of the 2831 
cultivation of the GM plant, such as unforeseen weediness, invasiveness or changes in plant 2832 
population dynamics or populations of biota associated with the GM plants. However, an 2833 
unanticipated adverse effect is most likely to occur where the level of environmental exposure is 2834 
highest. Thus, an evaluation of how and where the GM plant will be grown and the associated 2835 
environmental exposure is considered a good starting point in any general surveillance plan. 2836 

General surveillance of the impact of GM plant should 2837 

 be applicable, in a proportionate and cost-effective manner, for monitoring the GM plant in a 2838 
range of representative environments, reflecting the range and distribution of farming and 2839 
environments exposed to the GM plants and its cultivation. If unusual effects on human health 2840 
or the environment are reported, more focussed in-depth studies should be carried out in order 2841 
to determine cause and relationship with GM plants. Such additional studies would be case-2842 
specific monitoring studies as they would require an experimental approach to confirm the 2843 
specific hypothesis that an observed effect is associated with the GM plant,  2844 

 complement available general environmental monitoring. The higher the ecological 2845 
integration and scale (from the individual to a population, from single farm to regions) the 2846 
more difficult it is to distinguish potential effects of the GM plants from other factors. 2847 
Initially, general surveillance should focus on each event individually. Additionally, when 2848 
several GM plants have been commercialised, the interactions between these GM plants and 2849 
their management may need to be considered where appropriate.  2850 

 2851 

4.4.2. Main elements of general surveillance  2852 

The applicant should:  2853 

 define the methods and approaches that will be used to conduct general surveillance of regions 2854 
where the GM plant occurs,  2855 

 refer to introduction, stewardship and exploitation plans for the GM plant, and  2856 

 make proposals for the time period, area covered, and the frequency of monitoring. 2857 

 2858 

4.4.2.1. Existing monitoring systems 2859 

Applicants will have developed plans for the introduction, marketing, management and stewardship of 2860 
the GM plant. The EFSA GMO Panel is of the opinion that applicants should include these into the 2861 
monitoring plans, where appropriate, as they will contain some data of relevance to the 2862 
implementation of the monitoring plan.  2863 

General surveillance should, when compatible, make use of established routine surveillance practices 2864 
such as monitoring of agricultural plants, variety/seed registration, plant protection, plant health and 2865 
soil surveys as well as ecological monitoring and environmental observations (EC, 2002a). 2866 

Many of the existing monitoring systems and networks collecting environmental data are unlikely to 2867 
always provide data of relevance that may be used in monitoring impacts of GM plants. The design of 2868 
the existing monitoring programs, the targets (e.g. birds, plant protection, etc.), the time, frequency 2869 
and scale of data collection, sampling, analysis and reporting methods may not suit the monitoring of 2870 
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GM plants because they have been designed for other purposes. Moreover, the existing monitoring 2871 
systems will differ from country to country and it may not be feasible or practicable to modify existing 2872 
surveillance systems in order to make them suitable for general surveillance of GM plants. Thus 2873 
applicants may not consider existing networks to be sufficiently useful sources of information for 2874 
monitoring. There may be a need for additional environmental surveys and to amend the monitoring 2875 
objectives of existing monitoring systems (see also Sanvido, 2005). 2876 

Because existing monitoring systems can be of variable quality and consistency, it is important that the 2877 
consistency and reliability of surveys utilised in general surveillance is evaluated in order to ensure 2878 
long-term coherence and reliability of data collection and data quality. In addition, as environmental 2879 
surveys will differ between networks, methods for integrating data from different origins should be 2880 
evaluated.  2881 

Knowing the limitations of existing monitoring systems, it is important for the applicant to describe 2882 
the processes and criteria that will be used for selecting and evaluating existing monitoring systems for 2883 
supplying data related to the unanticipated adverse effects of GM plants in the general surveillance. 2884 

Specifically the applicant should 2885 

 describe which observations could be monitored through existing monitoring schemes, 2886 

 identify the type of existing monitoring systems that would be appropriate for this in the 2887 
countries where the GM plant will be grown (e.g. monitoring of agricultural cultivars and 2888 
plant protection surveys), 2889 

 describe the criteria and generic approach used to evaluate existing monitoring networks and 2890 
how appropriate networks will be selected, 2891 

 describe how arrangements for collecting, collating and analysing data will be made, 2892 

 identify which category of additional surveys could be required to contribute to the general 2893 
surveillance (e.g. public institutions, farm associations) in selected regions or Member States, 2894 

 describe how formal agreements, procedures and communication will be established with the 2895 
Commission and Member States or other third parties before commercial market introduction, 2896 
although detailed arrangements may not have been agreed at the time of the application. 2897 

According to Council Decision 2002/811/EC the responsibility for each step in the monitoring plan 2898 
should be clearly assigned by the applicant. Where third parties are employed or contracted to conduct 2899 
monitoring studies, the nature of their involvement should be detailed. 2900 

 2901 

4.4.2.2. Use of GM plant-focussed monitoring systems 2902 

In addition to using existing monitoring systems, applicants are encouraged to develop new and more 2903 
focused monitoring systems especially at the production level. Questionnaires, directed at farms where 2904 
GM plants are grown, are considered a useful method to collecting first hand data on the performance 2905 
and impact of a GM plant and for comparing it with conventional plants (ACRE, 2004, Wilhelm, 2906 
2004a,b, Sanvido, 2005). Experience from other established surveillance and monitoring systems (e.g. 2907 
the approach used for consumer and pharmaceutical surveillance systems) could be used in designing 2908 
questionnaires. Special emphasis should be given to the statistical design of such questionnaires. 2909 
Issues of human health (e.g. due to exposure and handling of GM plants) may also be integrated into 2910 
farm questionnaires. 2911 

As appropriate, the applicants should 2912 
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 inform growers, seed suppliers or other stakeholders about the GM plant and the need to 2913 
supply data on seed sales, areas sown, plant management, etc. 2914 

 be pro-active in developing reporting systems so that farmers (or their agents and advisors) 2915 
intending to purchase genetically modified seeds will be fully informed about the GM plant, 2916 
the importance of the monitoring programme and the reporting of unanticipated effects during 2917 
and after the cultivation of the GM plant, 2918 

 describe the number of farmers/growers involved, the area covered, the reporting methods and 2919 
the suitability of the data collected for statistical analysis,  2920 

 establish independent audits to ensure the independence and integrity of all monitoring data, 2921 

 indicate the likely frequency of inspections.  2922 

Farm questionnaires should 2923 

 be designed to ensure the statistical validity and representativeness of the collected data, 2924 
including the proportion of fields growing the GM plant in a region and the number of 2925 
questionnaires required to achieve statistical power in the data collected, 2926 

 be designed to generate data on the agronomic management of GM plants as well as data on 2927 
impacts on farming systems and the farm environment,  2928 

 use a field or group of fields growing the GM plant as the basic unit for monitoring, 2929 

 observe the field/fields in subsequent years for any unusual residual effects, 2930 

 be user friendly but also information rich, 2931 

 be constructed to encourage independent and objective responses from farmers, land managers 2932 
and others involved with the GM plant or its products. 2933 

Questionnaires adapted to agronomists or other stakeholders working on the farms growing the GM 2934 
plants may also be useful sources of information. Focussed questionnaires and interviews are generally 2935 
accepted by respondents. Professional interviewers may be an additional help.  2936 

Examples of farm questionnaires have been developed by Wilhelm et al., (Wilhelm, 2004a,b) and 2937 
some farm questionnaires have already been assessed by the EFSA GMO Panel. 2938 

Farm questionnaires should be distributed, completed and collated annually via an arranged reporting 2939 
system (e.g. farm questionnaire forms or online systems). These should be analysed by the applicant 2940 
and reports submitted at the agreed time intervals (usually annually) to appropriate Competent 2941 
Authorities. The results of the farm questionnaires will allow the applicant to record the 2942 
implementation of recommended management and stewardship of the GM plant (e.g. good agricultural 2943 
practice, hazard analyses, critical point compliance) and to identify unanticipated adverse effects.  2944 

 2945 

4.4.3. Importance of a baseline 2946 

There is a need for general surveillance plans using both existing and novel monitoring systems to be 2947 
able to compare impacts of GM plants and their cultivation with those of conventional plants. The 2948 
baseline is the current status quo e.g. current conventional cropping or historical agricultural or 2949 
environmental data. Direct comparison with non-GM plant reference areas should be used if available, 2950 
but reference can also be made to the historical knowledge and experiences of the ”observer” (e.g. 2951 
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farmers, inspectors, wildlife surveyors) in relation to the situation prior to the introduction of the GM 2952 
plant . It will be important to inform observers to report any unusual events and not to attempt to 2953 
anticipate impacts. 2954 

There is also a need to take into account the fact that the GM event will occur in a changing genetic 2955 
background of new varieties which may have an impact independent of the GM event and thus it is the 2956 
event that needs to be monitored in any variety. 2957 

 2958 

4.4.4. Data quality, management and statistical analyses  2959 

The design of the monitoring programme will influence the quality and usefulness of resulting data, 2960 
hence efforts should be made to ensure that data from all the monitoring systems used can be 2961 
statistically analysed (Wilhelm, 2003, Wilhelm, 2004a,b). Meta-analyses of different datasets might be 2962 
useful. If relationships between datasets can be identified, it will contribute to the credibility of 2963 
monitoring.  2964 

The general surveillance plan should 2965 

 take account of the scale of commercialisation as well as the historical baseline knowledge in 2966 
different areas to be monitored, 2967 

 consider the geographical areas to be studied and which existing environmental monitoring 2968 
programmes could be useful for inclusion, 2969 

 consider national cultivation registers of GM plants (including co-existence measures) as they 2970 
can provide useful data, 2971 

 describe the generic approach used for data collection, management and exploitation within 2972 
general surveillance (e.g. data from existing networks and questionnaires), 2973 

 describe how any unusual adverse effects related to GM plants will be identified, including 2974 
details of the statistical approach, 2975 

 include a comprehensive description of the techniques to be used for data analysis and 2976 
statistical analysis, including the requirements for statistical significance, 2977 

 provide a detailed description of the operational handling of data from different sources into a 2978 
‘general surveillance database’, 2979 

 describe the approach to categorise the data (e.g. influencing factor, monitoring character) and 2980 
the method for pooling the results and matching them with data on GM cultivation in time and 2981 
space, 2982 

 contain data from Case-Specific Monitoring that might complement the general surveillance 2983 
data. 2984 

 2985 

4.5. Reporting the results of monitoring 2986 

Following the placing on the market of a GM plant, the applicant has a legal obligation to ensure that 2987 
monitoring and reporting are carried out according to the conditions specified in the consent. The 2988 
applicant is responsible for submitting the monitoring reports to the Commission, the competent 2989 
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authorities of the Member States, and where appropriate to EFSA. Applicants should describe the 2990 
methods, frequency and timing of reporting in their monitoring plan.  2991 

Although no timeframe for reporting is specified in Council Decision 2002/811/EC (EC, 2002a), 2992 
reports, allowing for case-specific adaptations, preferably should be submitted  2993 

 annually confirming that monitoring has been carried out according to the given consent 2994 
together with a summary of major preliminary results that are important for a short-term 2995 
feedback on the ERA (‘annual reports’), and  2996 

 periodically (e.g. every third year) covering longer periods in which observations and data 2997 
collected are reported and analysed in detail and which therefore provide more comprehensive 2998 
reports that are important for a longer term feedback on the ERA (‘comprehensive report’).  2999 

The comprehensive monitoring report should include in more detail the results of any relevant 3000 
monitoring by third parties, including the farmers/growers, seed companies, independent surveyors, 3001 
local, regional and national environmental surveyors. In addition, the applicant should evaluate these 3002 
results and incorporate full analysis and conclusions in the submitted monitoring report. If appropriate, 3003 
the applicant should provide access to raw data for stimulating scientific exchange and co-operation.  3004 

Flow of information on the cultivation of GM plants:  3005 

Where GM plants are grown the following procedures should be complied with:  3006 

 All GM seeds must be labelled with the variety, and should also contain information on the 3007 
construct, the supplier’s name and address, full instructions on any specific cultivation 3008 
requirements, and reporting procedures for any incidents, including the address of the Consent 3009 
Holder for the marketing of the seeds.   3010 

 The farmer/grower is required to declare the variety, sowing date, amount of cultivated plants 3011 
and exact geographic location to the national cultivation register according to Directive 3012 
2001/18/EC - Art 31 (3b).  3013 

 The farmer should record all relevant cropping and management data for that GM plant and 3014 
these data should be available for inspection.  3015 

Flow of information in instances where GM plants are thought to have caused unusual or adverse 3016 
effects:  3017 

If adverse effects have been detected in areas where GM plants are grown or where there is a suspicion 3018 
that the GM plants may be associated with an incident, the following procedures should be complied 3019 
with:  3020 

 Farmers should follow the procedure for reporting established by the applicant at the time of 3021 
purchase of the GM seeds and provide information to the information point specified therein 3022 
of any unusual observations without delay.  3023 

 The applicant should immediately take the measures necessary to protect human health and 3024 
the environment, and inform the competent authority thereof. In addition, the applicant should 3025 
revise the information and conditions specified in the application. 3026 

 The applicant may inform external organisations (e.g. public institutions), asking them to 3027 
immediately communicate any adverse effects they may detect to a specified information 3028 
point.  3029 



EFSA updated Guidance Document for the ERA of GM plants
 

86 
 

 The applicant could carry out a preliminary examination in order to verify whether a GM 3030 
plant-related effect has really occurred and provide the competent authority with a report on 3031 
the result of its preliminary investigations, including an assessment of potential harm.  3032 

 If information becomes available to the competent authority which could have consequences 3033 
for the risks of the GM plant(s) to human health or the environment it should immediately 3034 
forward the information to the Commission and the competent authorities of the Member 3035 
States.  3036 

Where adverse effects on the environment are observed, further assessment should be considered to 3037 
establish whether they are a consequence of the GM plant or its use, as such effects may be the result 3038 
of environmental factors other than the placing on the market of the GM plant in question. The 3039 
competent authority should inform the Commission of the reported observation and, together with the 3040 
applicant and scientific institutions or experts investigate the causes and consequences of the reported 3041 
incident. The competent authority should submit a report to the Commission and EFSA on the extent 3042 
of any environmental damage, remedial measures taken, liability and recommendations for the future 3043 
use/management of the GM plant.  3044 

 3045 

4.6. Review and adaptation 3046 

Monitoring plans should not be viewed as static. It is fundamental that the monitoring plan and 3047 
associated methodology are reviewed at appropriate intervals and may need to be modified and 3048 
adapted depending on the results of the monitoring information collected. The monitoring plan might 3049 
also be adapted based on an assessment of the appropriateness and cost effectiveness of the monitoring 3050 
plan. Implementation of the revised monitoring plan remains the responsibility of the applicant unless 3051 
otherwise determined by the competent authority. 3052 
 3053 

 3054 

 3055 

 3056 

3057 
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APPENDICES  3482 

 3483 

A.  BACKGROUND INFORMATION FOR THE GEOGRAPHICAL ZONES IN THE RECEIVING 3484 
ENVIRONMENT(S) IN EUROPE 3485 

The EFSA GMO Panel GD on ERA of GM plants gives special emphasis on the receiving 3486 
environment(s) (see chapter 2.3.4).  3487 

With reference to natural diversity, a broad range of various environments in terms of their flora and 3488 
fauna, climatic conditions, habitat composition and ecosystem functions and human interventions 3489 
occurs in the EU. Accordingly, GM plants will potentially interact with those differing environments. 3490 
Here we give a short overview of the geographical regions and zoning concepts defined for various 3491 
purposes and we discuss how these can be utilized in the framework of ERA of GM plants.  3492 

The EFSA GMO Panel considered the following existing concepts of geographical regions/zoning in 3493 
Europe: 3494 

a. Natura 2000 3495 

Natura 2000 is a network of special protected areas within the European Union. It covers the special 3496 
areas of conservation under the Habitats Directive and special protection areas under the Birds 3497 
Directive. Natura 2000 areas are areas of importance to the Community that have been designated by 3498 
MS of the EU.  3499 

The Natura 2000 concept proposes 9 biogeographical regions (across 27 Member States) for covering 3500 
the European ecological diversity. These biogeographical units are differentiated into the following 3501 
regions: Alpine; Atlantic; Black Sea; Boreal; Continental; Macaronesian; Mediterranean; Pannonian; 3502 
and Steppic Region. 3503 

However, this zoning focuses on habitat and species protection but does not cover and reflect 3504 
differences arising from agricultural activities or cultivation. 3505 

 3506 

b. Plant protection product registration-based zoning 3507 

According to the new Regulation on Plant Production Product (Regulation (EC) No 1107/2009), 3508 
concerning the placing of plant protection products on the market (and repealing Council Directives 3509 
79/117/EEC and 91/414/EEC), approvals for these products would be granted by geographical zones 3510 
in the EU. Zones are defined as areas where agricultural, plant health and environmental (including 3511 
climatic) conditions are comparable. For this purpose, 3 geographical zones have been defined to 3512 
cover Europe: 3513 

Zone A = North: Denmark, Estonia, Latvia, Lithuania, Finland and Sweden; 3514 

Zone B = Centre: Belgium, Czech Republic, Germany, Ireland, Luxembourg, Hungary, the 3515 
Netherlands, Austria, Poland, Romania, Slovenia, Slovakia and the United Kingdom; 3516 

Zone C = South: Bulgaria, Greece, Spain, France, Italy, Cyprus, Malta and Portugal. 3517 

 3518 

c. Seamless SEAMLESS zoning approach 3519 
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SEAMLESS zoning approach: Since GM plant deployment will primarily (but not exclusively) be 3520 
linked to agricultural areas and within these to arable fields and any nearby semi-natural habitats, an 3521 
agriculture land use oriented zoning that also considers the differing regional quality for crop plant 3522 
cultivation would reflect a more practical approach for GM plant risk assessments. Therefore, a 3523 
zonation like that recently proposed in the SEAMLESS research project could be more relevant for the 3524 
ERA of GM plant for cultivation purpose. Undoubtedly, geographical zones based on a scientific 3525 
rationale, taking into account realistic agricultural situations, will be more valuable for GM risk 3526 
assessment. 3527 

In the agriculture-environment oriented zonation generated by the SEAMLESS project, the current EU 3528 
territory is – based on upscaling of farm-scale and physical data by a statistical approach – 3529 
differentiated into 12 environmental zones. According to this approach, EU territory is differentiated 3530 
into the following Zones: Boreal; Nemoral; northern Atlantic; central Atlantic; Lusitanian; 3531 
Continental; Pannonian; northern Alpine; southern Alpine; mountainous Mediterranea; northern 3532 
Mediterranea; and southern Mediterranea. 3533 

The selected regions according to this zonation are characterised not just in relation to climatic factors, 3534 
but also to agricultural aspects such as preferred farming types.  3535 

Each of the above examples for various zonings reflects the main goal (e.g. habitat and species 3536 
conservation, economically relevant pesticide approval, more integrated agricultural and 3537 
environmental modelling system) of the given zonation but can not be automatically transferred to the 3538 
risk assessment of GM plants. For instance, the continental zone – also according to the SEAMLESS 3539 
zonation – covers about 20 % of the EU surface, but even within these biogeographical (or agro-3540 
ecological) regions there will be significant differences in NTO species, habitat characteristics, flora 3541 
and fauna of these habitats. 3542 

 3543 

d. LANMAP 3544 

Mücher et al. (2010) have developed a new hierarchical European Landscape Classification that can 3545 
be used as a framework for, e.g. indicator reporting and environmental sampling. Landscapes are 3546 
ecological meaningful units where many processes and components interact. And as such, landscapes 3547 
themselves have resulted from long-term interactions of natural abiotic, biotic and anthropogenic 3548 
processes. The authors argue that a good understanding of landscapes is essential for its assessment, 3549 
protection, managment and planning. An internationally consistent approach is proposed to be 3550 
obligatory and the production of landscape classifications and associated maps should be an important 3551 
tool in this context. Although intuitive maps are available there are no consistent quantitative maps of 3552 
European landscapes. In Mücher et al (2010), landscapes are regarded as forming recognizable parts of 3553 
the earth’s surface and as showing a characteristic ordering of elements. It is argued that the complex 3554 
nature of the underlying scientific concepts, which sometimes overlap and conflict, requires an 3555 
objective and consistent methodology. As there are many regional differences in landscape properties, 3556 
it is crucial to strike the right balance between reducing the inherent complexity and maintaining an 3557 
adequate level of detail. Against this background, a European Landscape Map (LANMAP) has been 3558 
produced, making use of available segmentation and classification techniques on high-resolution 3559 
spatial data sets. LANMAP is a landscape classification of Pan-Europe with four hierarchical levels; 3560 
using digital data on climate, altitude, parent (geologic) material and land use as determinant factors; 3561 
and has as many as 350 landscape types at the most detailed level. According to Mücher et al. (2010) 3562 
LANMAP is thus far limited to a biophysical approach, since there is a lack of consistent and 3563 
European-wide data on cultural–historical factors. 3564 

3565 



EFSA updated Guidance Document for the ERA of GM plants
 

97 
 

 3566 

B.  CONSIDERATIONS FOR LONG-TERM EFFECTS 3567 

 3568 

Changing standards and comparators 3569 

The main difficulty in predicting when long-term effects are likely to occur is that the habitat itself is 3570 
subject to repeated major change over a timescale of several years to several decades due to climatic 3571 
shifts, soil degradation, plant varietal improvement, agronomic innovation and other factors The 3572 
choice of comparator is therefore crucial (EFSA, 2006b, 2007, 2009f,e). Moreover, the concept of the 3573 
familiar comparator, which might be satisfied by a non-GM plant that has already been shown through 3574 
long practice to be safe as food or animal feed, may be inappropriate for some ecological effects, 3575 
especially where a prevalent, conventional production system is not environmentally safe or 3576 
sustainable. Modern systems of intense cultivation are often driving down (for example) soil carbon, 3577 
plant populations and food webs. A new system that is simply comparable to the existing one might 3578 
not be judged safe therefore. While criteria for healthy soils and food webs, or for minimal external 3579 
impacts of agriculture, are currently being developed  (e.g. Krogh and Griffiths, 2007), as yet there are 3580 
no widely accepted ecological criteria that might be used as standards in risk assessment.  3581 

Much of the difficulty in defining criteria is that the existing dynamics (the rate and extent of change) 3582 
operate at a scale not much longer than that required to establish even some short term impacts. Some 3583 
changes to the system (such as the move from spring to winter cropping in some regions) extend over 3584 
one to several decades depending on a local response to markets and policy. Oilseed rape had been 3585 
grown for many centuries in Europe before the breeding of varieties for food brought about the large 3586 
increases in sown area throughout northern and central Europe. Other changes can be quite abrupt, 3587 
such as the increase in set aside from zero to 5-10% of the arable surface in one or two years in the 3588 
mid 1990s and the slightly slower but proportionately greater rise in the general (i.e. non-GM) use of 3589 
the herbicide glyphosate within the 1990s. The effects of these changes have not been documented, 3590 
and such effects need to be understood before differences due to GM plant cultivation after 3591 
commercialisation would be considered important or not.  3592 

The main feature of any new methodology for assessing long-term effects is that it would concentrate 3593 
on the system as defined by biophysical and economic criteria. The main aim of assessment would be 3594 
to define whether the GM plant cultivation is likely to affect any of the main variables in the system 3595 
above the existing ‘noise’ and relative to the existing dynamical variation. And if the existing 3596 
comparator is considered ecologically undesired, then the assessment can consider whether GM plant 3597 
cultivation will move the system at least in the direction of an ecologically more desired state.  3598 

 3599 

Development of and recovery from long-term effects  3600 

One of the aims of problem formulation in chapters 3.1 to 3.6 is to define ranges in which an indicator 3601 
or process can fluctuate without an adverse effect occurring. If the GM plant displaces the function 3602 
outside this range, it will deteriorate, in some instances gradually and in others first gradually then 3603 
suddenly. The most well documented and perhaps most relevant example of decline in function is that 3604 
caused by severe depletion of the arable seedbank and emerged weed flora, well beyond the point 3605 
where the weeds that emerge limit crop yield. The positive functions provided by the seedbank are the 3606 
provision of plant biodiversity in farmland and support of the food web, including pollinators and 3607 
natural enemies of pests. Primary (simple) and secondary (complex) effects can be envisaged. 3608 
Sustained, intensive cropping (which GM herbicide tolerant break crops might exacerbate), will cause 3609 
the primary effect – a gradual decline in the seedbank, eventually after several decades, to the point of 3610 
zero ecological function. Effects on the flora are likely to be found in the year of cultivation, and 3611 



EFSA updated Guidance Document for the ERA of GM plants
 

98 
 

might be carried over to the subsequent one or two years for some variables. They might then 3612 
disappear until the next time the GM herbicide tolerant plant is grown. Over several cultivation 3613 
sequences, the effects are likely to accumulate. A primary effect of this type should be expected from 3614 
existing data. In experiments where re-seeding was reduced to zero, a logarithmic decline in the 3615 
seedbank was measurable and change detected after only two years (refs to 1920 and 1950s in Squire 3616 
et al., 2003). Indeed, the analysis of this previous data informed the seedbank studies in the Farm 3617 
Scale Evaluations of GM herbicide tolerant crops. If similar effects are expected from a new GM 3618 
plant, they should be detectable in field plots over several years. Moreover, the downward trend in 3619 
function can to a large degree be reversed in a further few years, if it has not gone too far, by small 3620 
changes to the cropping sequence and weed management. 3621 

The primary effect will lead to secondary effects through loss of habitat and food for the invertebrates 3622 
and vertebrates dependent on the plants. Such secondary effects on distributed food web organisms are 3623 
spatially complex and cannot be determined in small experimental plots, however. Depletion of 3624 
function might occur gradually at first, but there may come a point when the function ceases, for 3625 
example if food plants become so low in abundance that the dependent animal populations decline and 3626 
finally collapse In this case, the loss of function might not be readily reversible. If the decline occurs 3627 
over a wide area of the landscape, recolonisation might be very slow.  3628 

Experience has shown that it is certainly possible to detect effects on biophysical variables such as 3629 
components of the food web above the background noise through monitoring with adequate intensity. 3630 
The spread of GM plant cultivation following commercialisation to cover greater parts of the 3631 
landscape brings additional problems of analysis to those required to assess repeated use of a GM 3632 
plant in one site. For example agricultural fields each tend to have a different biota drawn from the 3633 
‘pool’ of species or functional types in the total receiving environment. If, a GM plant would tend to 3634 
reduce the overall abundance of plants or invertebrates or (for whatever reason) reduce the abundance 3635 
of the least common types or species, then differences between GM and non-GM treatments, though 3636 
possibly very small at each site, would ‘accumulate’ over the landscape when assessed through 3637 
presence or absence of the uncommon species (Squire et al., 2009).   3638 

The question is whether GM plant cultivation would cause any such spatial effects to occur more so 3639 
than existing cultivation. An assessment needs estimates from existing distribution patterns of 3640 
organisms. If these are not available, modelling of population dynamics and trophic interactions may 3641 
be used to explore scenarios in GM plant cultivation. In examples to date, the outcome of modelling 3642 
has been shown to differ, even in direction, depending on the input variables, the characteristics of the 3643 
model’s domain and the questions asked. To gain greater credibility in GM risk assessment, impact 3644 
models need to be assessed against hard, comparative data. Nevertheless, modelling should continue to 3645 
be developed and adapted for use in future impact studies. 3646 

 3647 

Examples 3648 

Two hypothetical examples are given to illustrate potential approaches to estimating long-term effects. 3649 
The first is for a GM insect resistant plant, resistant to lepidopteran pests. The assessment of categories 3650 
3.1 to 3.6 will probably indicate non-target effects on invertebrates as a potential adverse effect in the 3651 
problem formulation. Reference can be made to field trials in Europe, mostly on Bt maize including 3652 
those within the ECOGEN project (Krogh and Griffiths, 2007) and others in the ten years of 3653 
assessment on commercial fields in Spain (Farinos et al., 2004, de la Poza et al., 2005, de la Poza et 3654 
al., 2008, Farinos et al., 2008), that found certain effects of Bt maize, some positive, some negative, on 3655 
various microorganisms and invertebrates, but effects that were much less than those observed to 3656 
routine influences such as tillage, choice of variety and insecticide usage. The same studies showed 3657 
that some non-target organisms ingested the Bt protein, generally without apparent adverse effect, and 3658 
that data for certain insects was lacking or incomplete. The main potential long-term effects that might 3659 
have been observed was the development of resistance to a pesticide by an arthropod pest. 3660 
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Development of resistance can be anticipated from prior experience with non-GM plants and can be 3661 
reduced to a degree by measures such as the use of refuges of non-GM plant. The risk assessment 3662 
might therefore indicate that risks to non-target organisms of the Bt crop designed against lepidopteran 3663 
pests are likely to be low, but because of the uncertainties, monitoring should nevertheless be carried 3664 
out. The monitoring plan might lay down how the possible effects of Bt maize can be judged in 3665 
relation to contemporaneous effects of other agricultural change in the receiving environments. 3666 

The second example is for a GM herbicide tolerant plant. The assessment of specific risk in 3.5 should 3667 
have indicated where a possible long-term environmental effect might occur in the receiving 3668 
environments stated. Areas of concern might be indirect effects of further reductions in the weed flora 3669 
on arable food webs (where these have already been reduced) and changes to the profile of pesticide 3670 
residues in soil and watercourses. Information on the current state, sensitivity and ecological 3671 
importance of these indicators can be obtained from the literature. The results of field experiments on 3672 
HT crops should be scrutinised for any unforeseen effects. They should reveal that not all effects of 3673 
herbicides were apparent during early, small scale field testing or nor in commercial growing in other 3674 
parts of the world. In the UK’s GM plant trials on winter oilseed rape (Hawes et al., 2003, Bohan et 3675 
al., 2005, Squire et al., 2009), the cultivation practice was found to increase grass weeds (competitive 3676 
to cereals) and decrease broadleaf weeds (supporting the food web), a generally negative response. 3677 
This unforeseen response was most likely due to the increased complexity of the context of the 3678 
receiving environment – a combination of weather, the agronomy of crop, the timing of operations and 3679 
the specificity of the herbicide. It might not be detectable above the ‘noise’ during initial field trials, 3680 
but the response would be cumulative over time and space, increasing grass weeds and reducing food 3681 
web annuals every time the crop was grown in a field. On the basis of this evidence, monitoring of any 3682 
new HT crop should be planned to include assessment of weed shifts and an estimate of the longer 3683 
term impacts on the weed flora and food webs based on the likely frequency of use of the GM HT 3684 
plant in the rotation and its occupancy in the landscape. There is also experimental evidence that the 3685 
specific agronomy of an HT plant can in some cases be altered so as to gain the intended effect of the 3686 
practice on yield with little detriment to the food web (May et al., 2005). As for the example of Bt 3687 
maize the monitoring plan might lay down how the possible effects of the HT management in relation 3688 
to other contemporaneous change. 3689 

 3690 

Conclusions 3691 

Long-term effects of GM plant cultivation (or any other innovation) are not likely to be revealed in 3692 
highly constrained experimental systems, while the assessment of long-term impacts in the field are 3693 
hampered by incomplete knowledge of the dynamical states of arable ecosystems. Notably, criteria for 3694 
environmentally safe and sustainable production systems have still to be fully defined by scientific 3695 
concensus and used as a baseline in the assessment of long term effects. While moderate impacts of 3696 
certain GM plants have been detected above the natural background variation (for example the effects 3697 
of HT crops on arable plants and food webs), the long-term effects of any one GM plant may be 3698 
difficult to measure given the comparatively short time-scale over which other large changes 3699 
habitually occur in crop type, management and weather. In accordance with the BEETLE report 3700 
(BEETLE_report, 2009), research studies, modelling and monitoring are appropriate tools to 3701 
investigate long-term environmental effects during GMO cultivation close to practice47. To support 3702 
PMEM, efforts should be raised for the development of indicators and databases for EU wide 3703 
surveillance of long-term effects on soil and other biodiversity resulting from GM plant cultivation 3704 
and management. More local potential indicators should be developed over time by risk assessors and 3705 
risk managers. The indicators for environmental monitoring should be selected in accordance with the 3706 
GM plant and trait and the receiving environment.  3707 

                                                      
 
47 ‘Close to practice’ means here the initial cultivation phase after first consent for placing on the market is given. It is in 

many cases a priori (epistemically) not possible to experimentally study long term effects related to large-scale cultivation. 
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